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PREFACE 

TO THE FIRST EDITION 

The assured position that Chemistry' notv holds in English 
education is showm by its inclusion as a compulsory' or at least 
an optional subject in almost all examinations preliminary to 
entrance on the learned professions, and by the fact that many 
of the best schools now possess well-equipped laboratones and 
giv-e regular instruction m the elements of both Theoretical and 
Practical Chemistry' 

In directing the attention of our nation to the study of 
Chemistry as a means of scientific education. Sir Henry Roscoe 
has led the w-ay His text-books hav e given to generations of 
students their introduction to a knowledge of the science His 
Pnmer of Chemistry and List of Expenments prepared for the 
Saence and Art Department contain the subject-matter which 
every schoolboy' has till recent times been expected to know', 
ev ery examiner has asked for, and few text-books hav e dared to 
disregard The output of admirable text-books on these lines 
has dunng recent years been so abundant, that the issue of 
another w ould be unjustifiable, if it differed from them merely 
in detail and in unimportant features 

But while the knowledge of the actual facts of Chemistry' is 
worth much, there has been a growing feeling that the methods 
of gaining knowledge are often of more educational value than 
the knowledge itself, and that a lad who starts life with his mind 
merely stored with facts is not so well equipped as one who has 
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also leartit hcnv to learn, not from books alone, but by direct 
contact with realities In a school curriculum Saence is chiefly 
valuable as a means of culture, and because there arc faculties 
of the human intellect, namely, correct observation, sound rea- 
soning from obsen'ation and expenment, and imagination in 
seeing into the miisible causes of visible phenomena, uhich can 
alone find their development in a carefully considered course in 
Physical Science We are, therefore, e\en more anxious to 
insist on the methods by which knowledge has been obtained 
than on the actual facts of Chemistrj' Sound methods of ob- 
sen'ation, moreover, remain \alid, and may continually enlarge 
and correct our ideas in studjang the further development of 
the science At the same time the student roust be sure of his 
facts before he begins to theorise “Why is it,” Charles II 
IS reported to have asked, “that when you put a dead fish 
into a bowl full of water It runs over, but if the fish is alive it 
does not run over ?” 

Some time ago Professor H E Armstrong, a leader in the 
movement which has sought to place the teaching of Chemistry 
upon what is regarded by many as a more rational basis, 
appended a detailed scheme for a school course on Chemistry 
to the Report upon Methods of Teaching Chemistrv, which 
was presented to the Bntish Association at Newcastle^ 

Verj' recently, the Incorporated Association of Headmasters 
has issued a syllabus of a course of instruction in Elementary 
Science, including Physics and Chemistrj', drawm up by a Com- 
mittee on Science Teaching, of which Mr C M Stuart, of 
Catford, w'as chairman, and Professor Armstrong a prominent 
member To quote from this syllabus, " This course is intended 
for all boys and girls commencing the study of Science It re- 
presents in the opinion of the Committee a suitable commence- 
ment for those who continue the subject, and indicates the 
manner in which It may be made of true educational value to 
those who do not pursue it further ^^^lIle the main object 
of the course should be to tram students to solve simple 

^ See Rejxyrt oj' the British Association 1889 A subsequent paper elaborating 
vertain features m this «?hen\e may be found in ^ol xlm p 593 
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problems by expenment— to ■Rork accurately, andRnth a dearly 
defined purpose, and to reason from obsen^ation — ^the instruc- 
tion given should eventually lead them to comprehend the 
nature of air, -water, ‘ fire,' earth and food.” 

This sjllabus of the Association of Headmasters reached us 
after we had nearly completed our w ork on the present book, 
and It was a matter of satisfaction to us to find that almost the 
whole of the s\Ilabus and the detailed expenments for the 
course on Elementary Chemistiy' were dealt wath m our 
manuscnpt 

^\^llle the aim of the course described in the present book, 
and the object of the courses referred to above ha\e alike been 
the cultu-ation of a spirit of inquiry and the prosecution of 
Science as among the best means of culture, there is, nei erthe- 
less, one difference betw'een the lines on which the} have been 
worked out 

The pnnciple which has been our general guide in the selec- 
tion and treatment of subject matter ma\ be expressed in words 
used in another connection by Professor H A Miers, in a 
recent inaugural lecture^ at Oxford, m which he applied the 
sapng of the Dan\unists that the de\eIopment of the indmdual 
IS an epitome of the evolution of the race. 

“ The order,” he said, “m which a subject can best be un- 
folded before a student’s mind is -i erj satisfactonh marked out 
by the historical de\elopment of the subject a profitable course 
of teaching is suggested bA the historj' of a science, and the 
order tn winch problems have presented themselves to sncccsstve 
generations is the order in wJach they may be most nat in ally 
■presented to the individual ” This is, w e belie\ e, particularly 
applicable to the study of Chemistry on the part of beginners 
At the same time the progress of Science has often of course 
been like a paper-chase w ith many false scents, and it is not 
necessarj for the logical appheauon of the abo\ e principle to 
follow all these blind alleys 

A glance at the Table of Contents wall indicate the course 
which we ha\e been led to adopt m our attempt to work out an 

I jViUure, i-ol li\ p coS 
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Introduction to the Study of Chemistry We ha\ e referred at 
the outset to Alchemy and to some of the errors which were 
current till the seventeenth century, shownng the readiness w ith 
which errors arose unless checked by well-devised experiment 
and careful measurement In this rray the student is led to see 
the necessity of practical suork and of exact measurement at a 
ver}' early stagt. Measurements are then made of length, of 
mass, of the \olume of liquids, of temperature, of densit), of 
the pressure of the air, and of heat 

Then follows the practice of important chemical operations, 
such as solution, filtration, evaporation, and crj'stalhsation, and 
the student’s powers of observation and descnption are exerased 
by the examination of certain important raw matenals, found 
nati\ e m the crust of the earth He next learns how to prepare 
the most important acids and alkalies from his raw' matenals, 
after the manner of Geber, Glauber and other alchemists 

Ha\nng thus acquired in some measure quickness of e> e m 
obsen'ation, accuracy of expression m descnption, dehcacj' of 
hand in manipulation, and a passing acquaintance w’lth the 
apparatus and chemicals in the laboratory', the student is ready 
to set to work upion a senes of researches upon the Action of 
Acids on Chalk, Fire and Air, the Rusting of Iron, the Discor ery 
of Oxygen, the Action of Aads on Metals, the Composition of 
Water, and other subjects, m which he is led to work so far as 
may be along the lines which were successfully pursued by 
Black, by the Oxford chemists of the set enteenth century', by 
Pnesdey, Scheele, Lavoisier, Carendish and by' other famous 
m\ estigators Many of the expenments introduced have been 

suggested bv their researches, and frequent quotations of interest 
ha\ e been made from their accounts of their own expenments 
The student w'lll thus become acquainted w’lth sev eral Gases, 
and IS therefore ready to inrestigate some of their pnnapal 
properties Researches follow which ha%e a direct beanng on 
the law of Definite Proportions , for example, a complete 
research is made upon Chalk, following the lines of Black’s 
classical investigaUon, and another upon the quantitatue 
composition of Water ******* 
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A chapter on the Law of Definite Proportions closes the 
book. 

We hold then that not only the ordei , but also the method, by 
which Chemistrj’ can best be unfolded before a students mind 
IS suggested bj its histoncal de\ elopment. It is a necessary' 
corollarj that Chemistr} cannot be learnt m the lecture-room 
alone, and that the expenmenis should be for the uiost part 
quantitative in character Qualitative anal) sis has hitherto been 
largel) used as the practical everase in the science. It has 
some ments We thmk, how e\ er, that practical chemistn^ should 
not consist, to such an e\tent as is usuall) the case, of “qualita- 
tive anal)-sis,” and that the nght place for such a course is after 
and not before a simple quantitati\ e course. WTiile practical 
w ork should be introduced at a \ er) early stage, the lecture- 
room has of course a necessary place, and the student should 
not start an experiment until he thoroughly understands what 
the object of the expenment is, what he means to do, and how 
he means to do it. 

There are somewhat ngid limitations of time and circumstance 
which must be considered m selecting experiments suitable for 
a school laboratoiy The experiments must not require more 
than tw o pairs of hands ; the manipulation must not be so 
difficult that accurate results cannot be obtained , the apparatus 
must be cheap enough to allow of all the bo)^ doing the same 
experiment at once, and the whole e.xpenment must not take 
more than i or ih hours including the time required for putting 
the apparatus away These conditions exclude many important 
e.\-penments , for instance, the detennmation of the composition 
of water by passing h) drogen oi er copper oxide ma) be done by 
the teacher as a lecture-table ex-penment, but it must generally 
be omitted by mdmdual members of the class Weighmgs 
should generally be conducted to the nearest centigram, be- 
cause a bo)-’s errors of manipulation are apt to exceed i centi- 
gram, and therefore milligram v eighmgs will only gii e a 
fictitious accuraci and waste time One per cent, accurac)' is 
the standard that may be aimed at We ha\ e dwelt at some 
length upon the detads which are necessaiy^ to exactness m the 
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results of expenments It is a great advantage to have several 
boys working at the same time at an experiment, for example, 
on the weight of a litre of air or on the percentage of water in 
a crystal, results should afterwards be compared and discussed 
A great deal of time is saved by letting boys nork in pairs, 
moreover, a spirit of co operation is cultnated, and they leam 
at least as much as in doing the cxpenment alone, perhaps more, 
because they teach one another * * * * 

We would add that experience shows that a student’s mathe- 
matics should be readj before he touches the apparatus of the 
laboratorj' And this applies not only here If any would-be 
chemists have not yet mastered the elements of arithmetic, 
decimals, the unitary method, percentages and proportional 
parts, we recommend them to close this book and go back to 
their ciphenng There can be no sound knowledge of Phj sics 
or of Chemistry without mathematical backbone. There is 
nothing more distracting to teacher and to student than to find 
that laboratory results cannot be worked outforw'ant of adequate 
mathematical knowledge 

It may perhaps be objected that we haie abandoned the 
pnnciple W'e laid dowai as our guide m relegating Black’s research 
on Chalk to so late a position Our reply is that the aforesaid 
pnnciple while invaluable as a general guide, must be applied 
with discrimination, and other considerations must not be lost 
sight of For instance, it is desirable that a study of “ every- 
day ” phenomena of great interest, such as Fire and Air, should 
precede what is after all of a more special character Moreover, 
the research on Chalk is the most complete in itself of any 
entered upon, and one which makes too great a demand upon 
the pow ers of hand and of mmd to be introduced in its true 
chronological place immediately after the discovery of Fixed Air 

The value of this book would be little m practice, whatever 
us general merit, if it came straight fiom the writing-desk, and 
had not been employed m actual class work. Not only have 
many of the chapters been worked through by elementary 
students m the laboratones of the Owens College, but we have 
been most fortunate m securing the co operation of Hugh 
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Richardson, M A , Science Master of Sedbergh School, and of 
S H Davies, M Sc, Head of the Chemical Department of the 
Battersea Polytechnic, London Using tj-ped copies of our 
MSS , they have taught through almost the vhole m their classes 
We have amended our te\t vherever their tnal of it showed 
alteration to be required, and we are convinced that the prac- 
ticability and success of our scheme in actual class v ork has 
thus been secured and \ enfied Mr Richardson also made at 
our request the first draft of the chapters on the Properties of 
Gases, and he has from the first helped us vnth his experience 
in the teaching of Science m schools 
We gladly thank also Mr S M Walford, of the Hyde and 
Oldham Technical Schools , Mr Foster, of the Nelson Technical 
School, and Mr S E Brown, of the Fnends’ School, Ackivorth, 
for testing some chapters m their ovm classes 

Our colleagues, Mr G J Fowler, Dr A* Harden, and Dr 
W A Bone, have also given us kind assistance in certain details, 
while Mr P J Hartog has helped us with cnticism upon our 
chapter on the Law of Definite Proportions ^ 

MTiile we hav e spared no trouble in a task which has been no 
light one, we cannot hope that we have avoided all error either 
in judgment or in points of detail, and suggestions and correc- 
tions offered by fellow teachers wall be freely w elcomed 
We may add that it is our desire to include in any subsequent 
edition chapters, which are already in hand, on the Discoverj 
of the Metals and on Fuels and Food-Stuffs 

W H P 
B L 

Owens Coi lege, 

Jidy^ 1896 


1 See iV<i/«ry, \ ol 1 p British Astociation Re fori, ^ S 18 




PREFACE 

TO THE SECOND EDITION 

We ha\e been encouraged by the sympathetic reception 
which has been accorded to the first edition of our little book 
to submit It to a thorough revision 

The marked trend of elementary science teaching dunng 
recent years along the lines which we in common wath many 
others have been advocating and practising is seen for instance 
in the present syllabus of Elementary Experimental Science of 
the Association of Headmasters, and m those of the Oxford and 
Cambridge Local Examinations, the Joint Scholarship Board, 
and the Scholarship Examinations of the London County 
Council 

These all show an increasing recognition of the vital necessity 
of keepmg alive m both boys and girls that pow'er of “ making 
knowledge”’ through their own expenences which, though 
possessed by every young child, is so commonly stifled and lost 
as years adrance To form a habit of inquiry, and to 
tram the intelligence, and not the accumulation of facts, is 
now generally admitted to be the first aim of an elementarj' 
course m science It is desired, m a w'ord, io teach boys and 
^irls to think for themselves and to learn from their o^o/i 
observations 

It has sometimes been alleged as an objection to the method 
which our book illustrates, that sooner or later some fact 

1 Professor J G Macgregor, Nature, September, 1899 
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must be assumed which a boj has not >et proved That is no 
doubt the case, but his position is also that of the ongmal 
investigator of to day John Dalton refused to accept the 
results obtained bj others, and to his loss The scientific 
method does not forbid such aid Still, in an introdyctor)' 
course it is desirable that not manj facts should be borroned in 
the few t> pical researches pursued, in order that a a erj’ habit 
of research may be formed, afterwards the student may 
safely bnng facts established b> others to bear upon his own 
inquines Nor should it be forgotten that the scientific method 
includes deductiae methods as well as inductne Theories and 
w orking h) pothescs inspire research, and w ithout ideas progress 
stops It IS for lack of them that so few bo>s make any 
profitable use of a laboratory if left alone w ithout tlie help of 
books or teachers Wc hate cndeatoured to illustrate the 
importance of ideas by the use we hate made, for instance, of 
LatoisiePs Theory of Combustion, when investigating the 
burning of Carbon and the explosion of Inflammable Air and 
Oxygen 

In this connection it may be added that the companson of 
results and the discussion of them bt the teacher is of the utmost 
importance. Instead of each boy' repeating an experiment mant 
times as the ongmal int estigator may do, he should be led to 
compare his own result with those obtained by his comrades, 
and to calculate the mean result The companson of results 
keeps ali\ e a spint of n\ airy and a keen interest, and the mean 
result of quantitatiieexpenments is usually surpnsmgly accurate, 
for example, the percentage of ox-ygen in the air or of carbonic 
acid in chalk can be determined with an error of less than one 
per cent by means of the simplest apparatus 

There have been ominous warnings from Prof G H Darwin^ 
and from Prof Karl Pearson " against the grow ing luxury of our 
laboratories and the costliness of apparatus , and this not 
because money' is grudged for the cause of scientific education, 

1 Preface to his book on Tht TtJes 

- Ltdure on Science anti NaUonal Lift 
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but because these matenal things cloud our eyes from seeing 
the really essential thing, the encouragement of the spirit of 
research To this end we are content to work in rooms with 
simple fittings, and we have tried to avoid specialised apparatus, 
and to use combinations of rubber stoppers and flasks and tubes 
This simpliaty of apparatus results in great economy of e\pendi- 
ture and anon's of a sufficient supply of balances and other 
essential instruments of general research Moreover, as Prof 
Ostwald has very recently pointed out, the simplest apparatus 
possible should be used that the attention may be fixed on the 
chief features of an expenment 

In this Second Edition the book is now divided into two 
\olutnes The onginal volume covered two years’ full work, 
and there is a distinct disadvantage in leaving a book long un- 
finished m a boy’s hands He begins to think he is stale of it 
A new' book is always a stimulus 

At the beginning of Volume I there are several chapters on 
Physical Measurement Formal instruction, in our opinion, in 
the use of the rule, the balance and the burette is essential to 
progress In some schools several hours are devoted to Science 
every week, and a more complete course in Physics than that w e 
have introduced can be pursued But in many schools other 
subjects will continue to make such demands upon the curricu- 
lum that the course of Physics, w'hich should precede any study 
of chemistrj', must not be too detailed It is quite possible, of 
course, to spend a couple of terms or more upon measurements 
of the densities of all manner of materials, but the teacher will 
do well to recall the warning of Prof J J Thomson, lest in 
teaching his boys to measure every physical quantity, be should 
depnve them of all msh to measure any of them Grammar is 
not literature, nor is science measurement, though skill m the 
use of instruments of precision is essential In collecting these 
physical chapters we have put together so much as seems to us 
necessarj' for progress m the chemical laboratory', but we rely 
on individual teachers to use them with discretion, selecting or 
postponing according to the circumstances of the class and the 
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school, and it must always be kept in mind that a boy, whilst 
Icaming to use his tools, will need to be inspired with a desire 
to employ them 

Volume II IS purely chemical in character, and is intended to 
lead the schoolboy of 15 or 16 years of age along the paths of 
inquiry, which engaged the attention of the great chemists of 
the eighteenth century 

These two volumes contain the bulk of what w'as in our first 
edition To this we ha\e added some new chapters The 
growing disposition to use Graphic Methods of representation 
and calculation, justify us in de\otmg a whole chapter to this 
subject, to which before we only referred incidentally Man) 
exercises are added to show the use of squared paper both for 
the records of results and as a means of am\ ing at new or 
unsuspected facts and relations A new chapter on the DiS; 
co\ery of the Common Metals introduces simple blow -pipe work, 
minute smelting operations, which will gne training in clean and 
neat manipulations and valuable practice in the examination of 
unfamiliar minerals In another chapter on Fuels and Food 
Stuffs an examination of a xanct) of organic substances leads 
to a recognition of the fundamental importance of Carbon 
Our treatment is in keeping with the educational maxim of 
taking familiar objects as texts, proceeding from the know n to the 
unknown, and following the lines of the histoncal dexclopment 
of know ledge. 

Three somewhat difficult chapters, ’ which are of less general 
interest, haxe been omitted, and are held over for a Third 
Volume, which we have in preparation In our opinion they 
wall find their proper setting m a Third Year’s Course in which 
the Atomic Theory may arise for discussion 

The increasing number of Public Examination papers which 
recognise a change in the methods of teaching, and their great 
value both to boys and masters in directing attention to 
problems of interest, and in stimulating the ’ erv necessarj 

1 Daltons of Mixod Gases, The Combining Properties of ActcIs and 

Alkalies, and The Equu’alent Weights of the Metals. 
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work of rcMSion, have encouraged us to add, at the end of 
Volume II, some papers which have been set by Public Bodies 
We think also that they are important as evidences of the grow- 
ing harmony of view between teachers and examiners Some 
private examination papers which have been set in schools 
using our book have been appended to Volume I 

It has been the fashion lately with some to decry any use of 
text-books It is verj' noteworthy that young bojs (set 12) 
leam very little from a chapter m a text-book, even after a 
lesson on the same subject, while it is equally remarkable 
how' an older class (set 16) may realise, with fidelity of detail, 
experiments they have never seen, and make rapid progress 
wnth comparatively little help from a master These two 
v'olumes are not intended to take the place of a teacher or of 
a boy’s own note-book. The impressions which a boy’s mind 
receives as he works in the laboratory must be expressed then 
and there in his own note-book, without the use of a text- 
book as a cnb But when a lengthy inquiry has been com- 
pleted and he comes to wnte up his laboratory notes, some help 
and some additional information w’lll often be needed, and then 
It IS a part of a w-ise education to encourage the use of a text- 
book We know' that many teachers have found our book more 
useful to themselves than to their classes , an able boy can 
perhaps do w'lthout a text-book entirely, but his duller com 
rade often needs a helping hand in the revision of his w'ork 
It need scarcely be pointed out that there are experiments 
for w'hich detailed and frequent instructions are necessary, and 
m such cases the necessarj' information may be obtained by a 
boy directly from a text book, and its use w'lll remove a burden 
from the teacher And furthei, it is a great convenience to 
have mathematical examples in type A few' of them should be 
worked m class, and afterw'aids be set for reiision w'lthout help 
But enough of detail , every teacher must w'ork in his ow'n w'ay 
to do his best w'ork 

In conclusion, we ha\ e much pleasure in stating that Mr 
Hugh Richardson, of the Fnends’ School, York, made for us 

VOL. I b 



will 


PREFACE TO TIIL SECOND EDITION 


the first draft of the chapter on Graphic Representation, and e 
hate throughout had the assistance of Ins e\penencc. We 
gladly also thank Mr S H Datics, late Head of the Chemical 
Department of the Battersea Po 1 > technic, for notes which we 
used in wnting the new chapters on theDiscoterj'of the Metals 
and on Fuels and Food Stuffs 

W H P 
B L 

-lugiisl, 1901 
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CHAPTER I 


THE BIRTH OF CHEMISTRY 

The Earliest Book on Chemistry — Chemistry is one of 
the most modem of sciences, and one which has been placed 
upon a sure foundation only in the course of the last century 
Yet the actual beginning and the dawning knowledge of 
Chemistry can be traced back to Egypt many centuries ago 
The oldest chemical record * of which we have any knowledge 
is a papyrus found at Thebes in the wrappings of the embalmed 
body of a goldsmith, who had lived about the time of the second 
or third centuiy after Chnst From this note-book of the gold- 
smith, which IS now in the library of the University of Leyden, 
we find that he was acquainted not only with gold and silver, 
but also ivith copper, lead, tin, zinc, and arsenic. Recipes are 
given for preparing imitation gold and silver, and for inci easing 
the weight of gold and silver by the addition of mfenor metals 
such as lead without altering the apparent character of the 
former 

The notes of this fraudulent workman, which have been 
preserved in perfect condition in an Egyptian mummy, and 
have escaped the accidents of fifteen hundred years, show that 
at that time the knowledge of the metals possessed by some 
of the Egyptians was very considerable Not only could the 
author counterfeit true gold or silver, the “noble” metals as 
they were called, by mixing mfenor or “base” metals, but 
1 See Berthelot, Let Ongrtnes de rAlchnnie 
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tests are gnen by Inch the imitation could be detected and 
distinguished from tlie pure and genuine metal 

For instance, it is stated that gold should keep its colour when 
melted If it becomes whitish it contains sih er, if it blackens 
It contains lead, and if it becomes rough or hard uhen cold it 
contains copper or^tin ^ So also silver should remain white and 
shining when fus'ed. If It is blackened it must be falsified w’lth 
lead, and if it is rendered hard and yellow', copper is present 
AlchoTny The Transmutation of Metals — The imita- 
tion of the noble metals by the process of mixing the base 
met'ds in vanous proportions, as the writer of the papjaus 
desenbed in the fourth century, was accepted in the next cen- 
tury as an actual change or irammutaiton of the base metals 
into the noble metals Extraordinary as it may seem to us, for 
more than a thousand years such transmutation was believed m 
not only by the ignorant and unlearned but even by philosophers 
Indeed, it seems probable that the very w ord(Chemistrj' is de- 
nved from the Greek Chemeta or x^iida, iramviuiation, smee the 
transmutation of the metals w as the chief object of the Egyptian^ 
About the year 640 the Arabians overran Egypt, and becom- 
ing acquainted there wath Chemistry, they prefixed to the word 
for It the Arabic Article al, so that ivath ^em the science was 
spoken of as Alchemy The Arabians spread through Northern 
Africa into Spam, and founded many Unixersities to which 
students flocked from all parts of Europe 

From the Egyptians the Arabian Alchemists had acquired 
the firm belief in the possibility of the change of one kind of 
matenal into another, and of die transmutation of die base into 
the noble metals Their most earnest endeavours were given 
to the search for the j>hi!osopher’s stone, a substance of such 
extraordinary virtue that according to Roger Bacon one part of 
It was believed to have the power to convert 1,000,000 parts of 
base metal into pure gold The possibility of the existence 
of such a substance was accepted by the most learned , for 
instance. Van Helmont, a distinguished chemist, a physiaan 
"md an honest man, recorded how m 1615 he obtained one 
quarter of a grain of the philosopher's stone and com erted eight 
ounces of mercury into gold Helvetius, again, was an oppo 
nent of the Alchemists until 1666, when he managed to obtain 
a httle pjece of the philosopher’s stone, with which he said he 
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con%erted lead into a yellow metal, aftenvards tested by the 
Master of the Mint, and pronounced to be gold 
In some cases we can trace the fraudulent means by Inch 
the apparent transmutation was effected A certain Duke of 
Wurtemburg kept an Alchemist m his sen ice, and followang his 
directions, the Duke was accustomed to place the necessary 
ingredients m a crucible, and then, all having left the room, the 
door Mas locked, and the next morning, behold, pure gold m as 
found in the cruable It is recorded, however, that the gold 
was obtained, not by the miraculous agency of any philosopher’s 
stone, but by the hand of the Alchemist’s son, who had been 
concealed in a cupboard within the laboratorj’- 

Remarkable as the belief in the transmutation of the metals 
appears to us, many facts and expenments may be mentioned 
w'hich at first sight seem to confirm such a belief The following 
expenments will illustrate this point — 

Expt I To obtain Lead from Galena — Galena is a 



metallic-looking mineral Gnnd a small portion to a fine 
pow'der in a mortar Make a small canty m a lump of char- 
coal, and place m it a little of the powder (as much as a small 
shot) Turn a Bunsen flame so as to form a small luminous 
flame. Place the nozzle of the mouth-blowpipe just inthin the 

B 2 
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flame, and force i gentle current of air into it Direct tlie tip 
of the flame upon the galena on the charcoal Heat till uhite 
fumes are e\ oh ed, and a bright mirror-hke surface of molten 
metal appears, which wall perhaps gather into a bead Allow it 
to solidify, and then transfer the bead to a mortar and crush it 
It is flattened out into a little plate of metal It is soft, marks 
paper, and has all the characteristics of lead 

The production of lead from galena was familiar to the 
Alchemists Moreover, since bj suitable treatment thc> found 
how to extract a small amount of sih er from a large amount of 
lead, they supposed that an actual change of galena into lead 
and then of lead into silver was effected It docs not seem ever 
to have occurred to tlie Alchemists that the galena at the 
outset perhaps contained lead and silver Their error, for it is 
now known to be such, might have been avoided if thej had 
paid any attention to the weights of the substances emplojcd 
and obtained m their experiments 
Expt 2 To convert Zinc apparently into Copper 
— Pour some solution of bluevatnol (copper sulphate) into a test- 
tube till It IS one-third full Cut some strips of zinc narrow 
enough to enter the tube, drop in one stnp, and notice the 
change of appearance Boil, and observe that the zinc dis- 
appears, while a red and black deposit of copper is formed, as 
though the zinc had been transmuted into copper Pour the 
solution into another test-tube, add another strip of zinc, and 
see whether any more copper is deposited on boiling 

Expt 3 To convert Copper apparently into 
Silver — Clean a strip of copper thoroughly by means of sand- 
paper Place It for a moment in a solution of sulphate of 
mercurj’^ On removing the copper and rubbing it with a 
flannel, it acquires a bright white silvery surface, as though tlie 
copper had been transmuted into silver Heat the strip in a 
flame, and tlie bnght silvery appearance is destroyed The 
copper therefore has not at any rate been entirely changed into 
another metal, altliough, at first sight, such would appear to 
hav e been the case. 

These experiments show that first impressions and ideas as to 
phenomena may be very" far from tlie truth, and should m ev ery 

1 Nitrate of merourj ma> be used in place of the sulphate, though the result is 
not quite so good 
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case be sererelj tested and supported by further ev-penment 
before thej are finalls accepted. 

Ckjncltisions nrast be tested by Experiment and by 
Measurement — Another dlustrauon of the way m nhich ideas 
maj change is found m the opinions v hich ha\ e been held as to 
whether dead matter of itself can e\ er become ahi, e. 

The Roman poet Veigil ^ records the notion as bemg mdelj 
pre\-aient m Egvpt, Persia, and the East, that bees could be 
generated from the putrid carcases of o\en He speaallj 
recommends a two-^ ear-old bullock for the purpose, and pre- 
scnbes the mode of kilhng it by suffocation and beatmg, then 
the poundmg and mashmg of it, hide and alL and lapng it on 
thjTne and cassia m a small shady chamber, with access of air 
at fit mtennls, and so forth. Vergil does not tell us that he had 
seen it done, nor does he hmt that the occasional selection by a 
swarm of bees of the hollow of a beast’s skeleton as a con\ enient 
home ma\ have ongmated the idea on which he enlarges with 
so much mmuteness 

Our forefathers certamh belie\ed that dead matter could 
beget life, and would ha\e instanced nnegar, -which breeds 
\nnegar-eels. Yet this great question of spontaneous generation 
has since been answered bj expenments, v hich show that all 
life IS den% ed from pre-e\nstmg hfe — “ omnc vnntm c vivo ” 

The labonous and hfe-long studies of the Alchemists did 
much to increase the knowledge of chemical operations, of 
minerals and metals, and of chemical agents, but the true 
method of saentific imestigation was not theirs Thej were 
too ready to be satisfied with a shallow e.\planaaon of what 
they saw The} v ere not acoastomed to weigh the matenals 
•with which they began an e.xpenment. nor to determme the 
weight of an}'thmg left at the end. In fact, measurement ’^as 
n^lected b\ them. The result ivas that they were led to 
condvisions which were to a large extent erroneous Nature 
does not reveal her secrets to the careless, nor to impatient 
inquirers And until the chemist made the balance his constant 
servant, and was wilhng to test all bis conclusions bj rigorous 
experiment, there -was and coaid be no sure foundation for the 
theories and la-ws which he endeavoured to construct 
r Versa, li 



CHAPTER 11 


THE METRIC SI STEM THE jrEASUREArENT OF LENGTH 
AND OF AREA 

Standards of Measurement — It has already been in- 
sisted upon that measurement is the first and most important 
step m the progress of any saence, and it mil be observed that 
in the statement of any measurement there is the mention firstly 
of a number, and secondly of a thing of the same kind as the 
quantity to be measured, nhich is referred to as a standard 
or unit For instance, if it is desired to state the sun’s distance 
from the earth, the distance of the moon from the earth ma> 
be selected as a standard or unit, and it may be stated that the 
sun’s distance is 4 00 . moon’s distances Similarly, the moon’s 
distance may be stated in terms of the earth’s radius, as about 
6 q earth’s radu 

But whilst such statements com e> definite meanings to the 
mind, since in either case the magnitude of the unit chosen is 
comparable i\ ith the quantity to be measured, yet it u ould be 
\er> inconvenient m scientific work to state quantities m terms 
of standards not unn ersally recognised, for it would be ex- 
tremely troublesome to compare the statement of one man with 
that of another if they emplojed different standards It is on 
this account that a statement of quantities in j^irds, gallons, or 
pounds IS almost meaningless to a Frenchman or German On 
the other hand, the “ Aletnc Sjstem ” of measurement, to which 
reference is made below, is understood by scientific men of all 
naUonahties, and indeed it is almost exclusivel} emplojed in 
scientific mv esUgations 
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There is another objection to the English system for purposes 
of measurement in the fact that there is no simple relation 
between tlie different standards of length, volume, and weight 
There is consequently much trouble m making calculations mth 
quantities expressed by means of them The Metnc System, on 
the other hand, is a deamal system, and the different standards 
are related in a simple way to one another 
We shall now refer to the standards of Length, Area, Volume, 
and Weight in the Metnc System, which are used m chemical 
investigations, and explain the nomenclature used in connection 
\nth this system 

1 STANDARD OP LENGTH -^he Metre ^ is the v' 
length^at _o° -C _of a certain bar oL platinum kept in Pans ) 

In 1790, immediately after the French Revolution, a com- 
mission of savants nominated 
by the French Academy vas 
appointed to prepare a new 
sjstem of units This com- 
mission decided in favour of a 
decimal system, uith the unit 
of length, from which all other 
units should be denved, itself 
connected vvnth the size of the 
earth This happy idea put the 
unit bejond reach of change 
from temperature or from other 
causes 

The commission added to 
Itself Lavoisier and other emi- 
nent men, and had a meridian 
arc from Dunkirk to Barcelona carehjlLy measured, as a basis 
for calculating the size of the earth ^^he metre v\ as intended v 

to be ^ of the mendian quadrant, of the earth’s cir- 

10,000,000 „ ^ ^ 

cumference drawn through PariM(Fig 2) Tins would make 

the circumference of the earth 40)000,000 metres K platinum 

hat of the required size was constructed ^mce then a small 

error has been found in the calculations,'' so that this platinum ' 

metre is not exactly v\hat it was intended to be ^But this 

1 Greek, melron, a measure. 


Pole 




8 


INTRODUCTION TO STUDY OF CHEMISTRY chap 


metre bar is still taken as the ultimate standard of appealj^and 
careful copies have been made and distnbuted among the 
European nations 

Examine a Metre Rule Notice firstly that there are a 



Fig 3. 


great number of short lines upon it Moreo\ er, groups 
of these are marked off by longer lines, which are num- 
bered, and there are seen to be 10 dmsions in each 
group There are 100 of these groups, and therefore 
there are 1000 of the smallest di\ isions m the whole 
metre. 

The width of one of the smallest dnasions is called 
1 millimetre (Latin, imlle^ a thousand) 

The width of a group of 10 millimetres is contained 
100 times m the metre , hence this length is called ! 
centimetre {cenfum, a hundred) 

The width of ten centimetres is contained 10 times 
in the metre , hence this length is named 1 deci- 
metre {decern, ten) Fig 3 represents i decimetre , 
the long lines mark off centimetres, and the smallest 
divisions mark off millimetres 
Other names with Greek prefixes are given to 
lengths 10, 100, and 1000 times the metre. The 
most important of these is 1 kilometre, which equals 
1000 metres 


To HE Learnt by Heart 


I millimetre equals 

t<?o<> of a metre , it is denoted by 

mm 

I centimetre 


1^0 

V V 3J 

J> 

cm 

I decimetre 

J) 

1*0 

3) J) 

)) 

dm 

I metre 



3) 

?) 

m 

I dekametre 


10 metres „ 

3) 

Dm 

I hectometre 

5 } 

too 

» 3J 

33 

Hm 

I kilometre 

„ 1000 

)» >J 

33 

Km 


The student should try to remember roughly these 
metric measures by reference to real objects of knowai 


size Thus — 


Kilometre equals distance covered by 10 minutes’ quick walking 
Hectometre „ „ „ length of football ground 
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I Dekametre equals distance covered by half length of cricket pitchy 


Metre 

5) 

55 

5) 

1 Decimetre 

)J 

55 

)5 

Centimetre 


55 

>5 

) 

* Millimetre 

)5 

55 

55 


^vldth of door 
width of hand, 
width of finger-nail or 
dice 

nib of J pen, or thickness 
of sixpence. 


THE MEASUREMENT OP LENGTH 

Obtain a small box-wood rule^ marked \vith a centimetre 
scale along one edge, and an inch scale divided into tenths 
along the other Obtain a sharp-pointed hard pencil 


Exercises ^ 


1 Draw a line 3 inches Ipng Measure its length m millimetres, to 

the neaiest whole millimetre *■ 

2 Draw a line 2 5 inches long Measure its length to the nearest 
millimetre 

3 Draw a line 4 3 inches long Measure its length in centimetres 
and irallimetres Then slate the length in centimetres and decimal 

4. Measure the distance between the bottom and top fines in your 
note book in centimetres and decimal ® 

5 Itleasure the length of your note book m decimetres, cenbmetres, 
and millimetres Then slate the length in decimetres and decimal 

6 Measure the breadth of jour bench m deametres and decimal 

7 Measure the breadth of the laboratory m metres and deamal 


The Estimation of Hundredths of an Inch and of a 
Centimetre — Obsen e an mch scale divided into tenths It 
IS easy to make measurements bj^ means of it to the neaiest 
I’p mch But we can be more exact We may imagine each 
mch to be divided into 10 smaller but imnsible dmsions of 
inch each 


, * pro\ided by J Raj bone -md Soas, MTiitmore Street, Birmingham, or 

Dcansgatc, Alanchestcr 

“ should in each case be placed immediately above that part of the scale 

^\hlch IS betne read 

3 If a lengi is an exact number of cm., C£: 13 cm , it should be stated as 13 o an 
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Fig 4 represents the edge of an inch scale. 

AB = 07 inch to the nearest inch 

= 07 + inch, i c betneen o 7 and o 8 inch 
= 073 inch, estimating hundredths of an inch. 

Similarly, a centimetre scale divided into millimetres can be 
read to the hundredth of a centimetre. 

Exercises 

Note — In the folloinng e'lercises read lo 2 places of decimals. 

1 Measure ihe distance between the bottom and top lines in )onr 
note book in inches 

2 Number the lines in }our note book i, 2, 3, 4, &c Measure the 

distance between the tenth line 
A B and the first line in inches. 

3 Measure Ihe distance betw een 
the scienth line and the first line 
in inches 

4, Measure the distance of the 
first line from each of the follow- 
ing lines m inches Tabulate 
jour results 

5 Pleasure the distance between the icnih line and the first line in 
centimetres 

6 Measure the distance between the seventh line and the first line in 
centimetres 

7 Place a 10 to the inch scale against a scale divided into centimetres 

and millimetres Read off in inches and decimals the length of 1 cm , 
2 cm , 3 cm , 10 cm , estimating to the nearest hundredth 

of an inch For mstance, 

1 cm = 4 inch 

2 cm = 79 „ 

S Place two scales together as before. Read off in millimetres (and 
bj estimation tenths of a millimetre) the lengths of l, 2, 6 ins 

9 Measure the diameter of a pennj' in centimetres 

10 Take a strip of paper alxiut 15 cm long AVrap it carefullj 
round the edge of a pennj until it overlaps, and then prick a small 
hole through both thicknesses of paper with a pm Measure m centi 
metres the distance between the two pm pneks on the paper This 


a — I I 1 TT ra r 
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length is equal to the circumference of the penny Then divide the 
Icnj li of the arcamference bv that of the diameter State thus — 

Circnmfereitcc = cm. 

Diameter = cm, 

* Circumference 

= ' - fTTl- 

Diameter 

„ = cm, 

II Sleasure m the same way the circomference of 

(a) a copper cyhnder, 

{t) a boxwood balL 

12. Repeat No ii, but wrap the paper i/rei tunes round the ball 
and cjhnder 

13 Draw a circle of 5 cm radru^ Find the length of its circum- 
ferencs m cm by means of a piece of cotton. Tie a knot near one 
end of the cotton, Mark any pomt on the cannimference, place the 
knot upon it, and with finger and thumb giaduallv trace the cotton round 
to the mark agam. Then picl up the cotton, and lav il ruraight along 
a metre scale. Lastly divide the length of the cucumference bv that of 
the diameter State as in No lo 

14, Measure tnc lengtn a road on an Ordnance ^Iap by means of 
a pece of coHon, and then b) reference to the scale of the map calculate 
the length of the road in miles, 

Evaiiples I 
Setnc Trefiies Iiength 

I Hou many centimeires make ^ metre ’ 

2. How many millrmetres make i decimetre ^ 

3 How many metres make 10 kilometres ’ 

4. How many milliraetres make I lalcmetre ? 

5 Express I centimetre as a decimal of i decimeixe. 

6 Exuress l miflimetre m kilometres. 

7 Exp'css a.5*6 cm in dm 

S Bung 2 34 km to cm. 

9 Subtract i mm . from 1 cm answer m cm 

10 How manv cm are there in 123 456 metres ’ 

I I The dtamcier of a halfpwinv 13 25 mm Hoi many halfpeumes 
in a row would sj-e'ch i metre' 

12. How manv metre stndes shall I tale m ninmng 5; 1 floiretr cs^ 

13- ^ sixceace is I mm tbicl, find the height m cm. of a pile of 

sixpences worth £i 
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14 If a cncket pitch is 2 dekametres long, ho^v many kilometres 
does a boy run in making a century ? 

15 A fishing rod has 3 joints and a total length of 3 6 metres Find 
the average length of each joint in cm 

16 How many hours will it take to walk 24 kilometres at the rate 
of I hectometre per minute ? 

17 How many pins, each 25 mm long, can be made from i kilometre 
of wire ? 

18 Four pieces of i decimetre each are cut away from a metre of 
glass tubing Into how many lengths of 15 cm long can the remainder 
be divided? 


2 STANDARD OF AREA —Draw a square ABCD 
tneasunng x decimetre along each side (Fig 5) This is called 
1 square decimetre Mark off centimetres along each side 
Through the points of division rule lines parallel to the sides of 
the square 

The square decimetre is then divided into smaller squares, each 
1 sq centimetre How many sq cm does it contain ^ There 
are 10 rows, each containing 10 sq cm , or 100 sq cm altogether 
The sq cm AEFG has been similarly dnided into sq mm 
Thus, 


I sq dm = too sq cm 
r sq cm = 100 sq mm 

Observe that the area i sq cm is roughly represented bj the 
area of a finger-nail 

A square millimetre, a square centimetre, a square decimetre, 
a square metre, or a square kilometre may in different cases be 
used as the unit of area. Thus the area of a country may be 
suitably expressed in square kilometres, the area of a play- 
ground in square metres, and the area of the wng of a bee in 
square millimetres 

The MeaBurement of Rectangular Areas — Obtain 
some paper divided b> straight lines into sq mm 

(1) With a sharp-pointed pencil draw upon it asq centimetre. 
It contains 100 sq mm 

(2) Draw upon it a rectangle 8 an long and 34 mm broad 
Find Its area by counting the sq mm which it contains It is 
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seen to contain 24 blocks of 100 sq mm., and also a long stnp 
containing 320 sq mm Thus 

Area = 2400 + 320 sq mm 
= 2720 sq mm 

Obsen^e that ue can also calculate the area by considenng that 
It contains 34 rows of sq millimetres, wath 80 sq milhmetres m 
each row, or 

Area = 34 x 80 sq mm 
= 2720 sq mm 
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(3) Draw a rectangle 6 9 cm long and 5 3 cm broad What is 
Its area ^ 

Area = 69 x 53 sq mm 
= 3657 sq mm 
= 36 57 sq cm 

These examples mil sene to shon that in the case of an) 
rectangular surface 

Area = length x breadth. 

Care must be taken to express both length and breadth m terms 
of the same unit 


Exercises 

1 Obtain some paper dmded by straight lines into square millimetres. 
Draw upon it a rectangle 5 5 cm. long and 24 mm broad. Fmd its 
area 

(a) in sq mm 
(i) m sq cm 

2 Draw a square mch upon the same paper How many sq mm 
does It contain ? 

3 Obtain some paper divided by straight lines into square mchesand 
hundredths of a square inch Draw upon it a rectangle 2 2 inches long 
and o S inch broad Find its area 

{a) in hundredths of a square mch 
(6) m square inches 

4. On the same jxiper draw a rectangle 2 8 inches long and i 7 nches 
broad Fmd its area m square inches. 

5 Open )oar note book at the middle. Measure the length and 
breadth of the inside sheet in cm (to i place of decimals) Calailate 
Its area m sq cm and deamal 

6 Find the area of (a) a sheet of paper, [5) a postcard, m square 
inches and decimal 

7 Find the area of a visiting card in sq cm and decimal 

8 Trace the outline of a nasturtium leaf upon some paper divided 
into sq mm. Calculate its approximate area in sq mm. 

EViVXIPLES II 

Metnc Square Heasnre Area 

I IIow man) sq dm are there in i square metre ? 

2. How many sq cm are there in l square metre ? 

3 Multipl) 3 dm b) 2 cm answer in sq cm 
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4 Multiply 80 mm by 30 mm , answer in sq cm 

5 If I inch equals 25 mm , how many sq mm equal i square inch ? 

6 Find m sq cm the area of a postcard 12 5 cm long and 
80 mm broad 

7 How many pieces of zinc each 25 cm by o 8 cm can be cut 
from a sheet 16 dm by 8 cm ? 

8 How many postage stamps each 24 mm by 20 mm are required 
to paper a wall 4 metres by 3 metres ? 

9 If the pressure of the air is 2i- lbs per sq cm , r\hat is that in 
cwts per square metre ? 

10 If I dm equals 4 m long, express 1 square metre in square 
yards 


* 30 cm -> 



One 

Cubic 

Decimetre 
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B 
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Fig 6 


3 STANDARD OP CUBIC CONTENTS OR 
VOIjU]\IB — The unit of volume most used m laboratory 
work is the volume of a cube each edge of which measures i 
cm long This is called 1 cubic centimetre it is denoted 
by 1 c c 

Exercise. To cut out a Cubic Centimetre — Cut 
out of soap a cube, each edge of which shall measure i cm 
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Make a mental note of its size It is about that of a die. Tlie 
capacity of a small thimble is also about that of i c.c. 
j E^-ERCisn To make a Cubic Decimetre — Cut out a 
stiff cardboard cross, 30 cm by 10 cm (Fig 6) Print 
inscriptions on the faces as indicated in the figure Cut the 
card half-way through along each of the lines AB, BC, CD, 
DA Bend back the four squares and stick their edges 
togetlier with gummed paper both inside and outside Let the 
gum drj' Then warm the hollow cube, and paint it over with 
melted paraffin 

Similarly make out of cardboard a cubic centimetre. 

How many cubic centimetres could be packed into the cubic 
decimetre ? Imagine first that the bottom of the cubic 



Fic 7 — ^Tcn cubes hke A uould make a row like B Ten rows like B would make 
a layer like C, and ten such layers would go into the box D 


decimetre were paved w ith cubic centimetres, how many w'ould 
cov'cr the bottom? Clearly 10 rows of cubic centimetres with 
10 cubic centimetres in each row, or too altogether, w'ould be 
necessary And ten of these layers piled one on another w'ould 
be required to fill the cubic decimetre (see Fig 7) Thus 
10 X 10 X 10 or 1000 cubic centimetres equal i cubic decimetre. 
The capacity of i cubic decimetre is called 1 btre On the 
Continent milk and oil and other liquids are measured in litres 
Take a large flask which will contain just i litre of a liquid, 
fill It with water, and find how many times you can fill a 
tumbler from it It can be filled four times, so the capacity of 
a tumbler is about ^ of a litre. 
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Fill a litre flask with water from a pint measure It can 
contain about if pints 

The multiples and decimals of a litre are named like those of 
the metre , for instance, a deahtre means of a litre, and 
remembenng that i litre = i cubic decimetre = 1000 c.c , we 
may construct the following table — 

I litre = 1000 c c 

I decilitre = litre = 100 c c 

I centilitre = -yjjy „ = 10 c.c 

I millilitre „ = i c c 

We have thus two names for litre , it may be called 

either i millilitre or i cubic centimetre The latter is moie often 
used 

It has already been shown that the volume or capacity of any 
rectangular solid is obtained by multiplying the area of its base 
by Its height Thus, if a biscuit-box is 5 cm broad, 8 cm long, 
and 6 cm high, its capacity is 5 x 8 x 6 or 240 cubic centimetres 
Of course, before multiplying breadth x length x height, 
the numbers expressing the lengths of these must all be m terms 
of the same unit 


Exercises 

Find the volume of (lie rectangular block of wood provided- 

fa) in cubic inches, 

(<J) in cubic centimetres 

Measure inches to 2 places of decimals and centimetres to i place 
of decimals 
State thus — 

Length = inches 
Breadth = ,, 

Height = , 

Volume r= X x cubic inches 

= cubic inches 


VOL. I 
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Examples IIP 

Metno Cubic and Capacity Measure 

1 How many c c. ate there in i cu dm ? 

2 A cube measures 30 cm each way, what is its lolume in c c. ? 

3 How many cu mm are there in i cubic inch, if 25 mm equal 

1 mch long ? 

4. How many cu mm are there in i c.c ? 

5 How many c c. are there in one cubic metre ? 

6 How many c c. are there in 3 hires ? 

7 How many c c. are there in 2 decilitres ? 

8 Express 1234 c c in litres 

9 How many c c, are there in 56 78 litres ? 

10 Express in c.c. I litre + 2 decilitres 

11 The lead of a pencil is 2 mm broad, 2 mm thick, and 150 mm 
long, what is its volume in ai nini ? 

12 Find in c.c the contents of a biscuit box 1$ cm high, 12 cm 
broad, and 240 mm long 

13 Find in litres the contents of a box, 8 cm deep, 25 cm long, 
and 10 cm broad 

14 How manj times can a dekalitre bucket be filled from a trough 

2 metres long, 50 dm broad, and 40 cm deep 

15 600 cu ft of air each is allowed m a dormitory for 20 people. 
How manj litres is that for all ? (i ft long = 30 cm ) 

16 How many days will a hectolitre cask of water last for 7 people, 
allowung each 3 pints per day (l htre =1} pints) 

J 4. STANDARD OP WEIGHT — The unit or standard 
of weight in the Metnc System is the gram One gram (gm ) 
IS defined as the weight of i cubic centimetre of pure water ^ j 
A penny weighs about 10 grams 

It has already been stated that i gram is the w eight of i c c. 
of water There is thus a very simple relation between the 
measures of the volumes and weights of given quantities of 
wmter For instance, 1000 c.c of water should weigh 1000 
grams Test this as follows — ^Takeahtre (1000 oc.) flask, and 
counterpoise it on a strong balance , then add 1000 grrams to 

t To the Teacher All the questions m this set and in the succeeding sets of 

Examples in this chapter should not be i^orhed on first studj^ng the subject Some 
of^thc questions should be set in the course of the studj of the next Tcv> chapters. 

2 Stnctlj speaUng at 4 C , the temperature of maximum density of water 
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the counterpoise, and fill the flask with water , the balance is 
still maintained 

There is no such simple relation between the English measures 
of volume and weight 

Multiples and decimals of i gram are named as before 
There is therefore no difficulty m learning the following table, 
whereas Avoirdupois Weight is not made at all easier by having 
previously learnt Long Measure — 


I kilogram = 

1000 gm 

I hectogram = 

100 gm 

I dekagram = 

10 gm 

I gram 


I decigram = 

I gm 

I centigram = 

01 gm 

I milligram = 

001 gm 


Examples IV 
Metric System. "Weight 

1 How many decigrams are there in i gram ? 

2 How many milligrams are there in i centigram 

3 Express 7891 grams in kilograms 

4 What decimal of a gram are 2 decigrams ? 

5 tVhat decimal of a gram are 50 milligrams ? 

6 Express 6 54 kilograms in grams 

7 What decimal of a gram are 100 milligrams ? 

8 Express 3 centigrams + 4 milligrams m milligrams 

9 Express 2 decigrams + 5 centigrams in milligrams 

10 Add 3 gm + 2 dgm + 50 mgm Express in grams 

1 1 Add 25 gm + 200 mgm + 2 mgm Express m grams 

12 Add I Kgm + 2 Dgm + 3 gm + 4 dgm 

13 A flask neighs 20 gm nhen empt>, and 45 gm when full of 
water YTiat is Us capacitj ? 

14 A flaslc which will hold So c c of water weighs 107 grams when 
full of w ater How many grams will it w eigh w hen empty ? 

15 A litre flask weighs 150 gm when empty How many grams will 
It weigh when full of water ? 

16 A biscuit tin measures 16 cm by 25 cm by 20 cm How many 
grams of water will it hold ? 

17 Mercury is 13J limes as heax^y as water How man) grams of 
mercury w ill fill a decilitre flask ? 


C 2 
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iS ccd is i S tmas cs hsiiy as iraier Hon oan_ c-c. 

o rT'i’iiin; aaa svili vrei^h oo giams ' 

19 IT 5 rro- nrre Trersh 35 nSL-gmns, hov" manr grams T.iI 5 10 
me-a-fc o'" the ivttc vreigh - 

23 If I sqirare casoraije o'" raerau.: foil ne-g\5 l centigram, noiv 
man’ grams ivill r sqmire decimetre ive.gE ' 

The Eelations beirvreen Fingligb and IiIetTic 
Units — 

Some rcniga equiimients are raorth remembering - — 

I fao. eqnals 30 cm. 

I mch 25 TT"! 

“■ cemmetre a im 

I kilometre c mile. 

. i:* 

' I cnnce 2 S grams. 

, t Ltre ij pir.s. 

I fcSogram 2l Ihr. 

} lo-e e.-Gict nmabsrs are usefcl fo- reference — 

r mecre ecmiL 39 37 mcnesi 

I f >3 30 5 cm. 

I gram , 15 43 grams 

I gram -oo-So grams 

r kS-gram 2 20 & 

I Lj-e , 1-76 pmus. 

I litre , 6n33 crams. 

I era m. , 16 3S C.C. 

— If I g-sm equals 1323 grains then i gram equals 

— — gram, o- cdiSo gram. 

1323- 

^ The numbers 13 25 ana cAiSg are called ns-p-c.ajs 
Some UTr ^dvantages of the Metric System — ^Tbe 
'adirar rages o'^tce Metric Sisiem over anv existm^.^svstem fori 
the purposes saentiSc mvesngatioa are great, ^t is imder- 
i stood b_ men o‘ all nationalities, and tne ceatnal relations 
rah cb exist between the units are of great conienience 
calmlanons ^ 

It IS not. co-xerer urged here teat the Metric Svstem is the 
best <b” all the oralnarr transacaons of life Indeed, as Herbert 
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Spencer has recently pointed out, there is some ground for the| 
belief that a decimal s>stem is not the most comement for the 
purposes of petty trade Quoting from a letter v.hich appeared^ 
m the Times, he gi\es the folloi\mg instance “ In England, ifi^ 
an old milage noman bujs a measured quantity miolnng ( 
fractions of an article at a pnce reckoned, say, m shillings, | 
pence, and halfpence, the shopman or girl never seems to find j 
any difficulty m norkmg quickly in his or her head the sum 
ivhich has to be paid, and the old woman manages to see that 
she is charged correctl) But, in France, mtli the deamal 
s^'stem It seems always to be necessary to work the simplest 
sum out on a piece of paper In facq it is not difficult to see 
that It IS prettjT easy to w ork out mentally the x-alue of, say, a 
yard and three-quarters of nband at a yard, w hile it is \ ery 
difficult to w'ork out mentally the \alue of, say, i ra 75 centi- 
metres of nband at 35 centimes a metre.” 

Moreover, in different trades different units are found to be 
coni enienq and though the G01 emment of France enforced as 
long ago as 1839 the obsen^ance of the metnc system, it is 
remarkable that its use is even to-daj not general m France 
“ Precious stones are to-day bought and sold in carats fire- 
wood m cordes , milk m pmtes , graiel in toises , gram, 
potatoes, and charcoal in boisseaux , sugar and tea among the 
poor people is dealt wnth in hvres, demiln res, iS:c ” 

Examples V 

Metric Syetem. Mascellaneonii 

(«) 

1 How man> pieces of glass rod, each 5 cm long, can be cut from 
a piece i metre long ’ 

2 How many times can 10 c.c. of water be obtained from a half 
litre flask ’ 

3 If I metre of wire weighs 4 decigrams, how man) milligrams wall 
5 cm weigh ? 

4. V flask weighs 20 grams when empty, and 120 grams when full ol 
water Wliat will the flask weigh when full of mercur), of which 
ICC. weighs 13 5 grams? 

5 A tram is tmielling 100 kilometres per hoar \ITiat is that in 
centimetres per second ? 
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6 If a mclal deciijram eight measures l sq cm , find in grams the 
n eight of a piece of metal of the same thickness, measuring 4 mm b} 
2^ mm 


7 Add, ev^pressing the answer in metres — 

I Km + 2 mm + 3 cm + 4 Hm + 5 ^'ti + 6 dm 

S Find m sq cm the area of a post card measunng l 25 dm bj 
So mm 

9 Find in cu dm the contents of a bos measunng 150 mm high, 
12 cm broad, and 2 4 dm long 

10 How many grams of soda are contained in 10 c-c of a solution, 
I litre of which contains -nV of a kilogram of soda ? 

11 K I metre of wire weighs 120 centigrams, what will be the 
length in centimetres of 60 milligrams of the same ware ? 

12 Find to 2 places of decimals the number of centimetres in l foot 
long, assuming that l metre = 39 37 inches. 


{c) 

13 Add together J litre, 20 c c., 200 millilitres, and 12 decilitres, and 
express the sum in c.c. 

14 If a bath is 17 I metres long, 5 i metres mde, and i 5 metres 
deep, how man) times would a bucket, containing 8 I litres, ha\e to be 
filled before the bath was fia/f empty ? 

15 If I deal out to each of 40 boys 3 pieces of ware, each piece 
being I metre long, and if a metre of wire weighs 4 decigrams, what 
w eight of ware has e I dealt out ? 

16 If the diameter of a sixpenn) piece is 2 cm long, and it is l mm 
thick, calculate what would be the salucof a hectometre of them placed 
in a row 

17 Calculate hosv high the same number of coins would reach, 
expressed m metres, if they were placed in a //A 

18 If a bic)clist ndes 10 5 miles in 42 5 minutes, and if S kilometres 
= 5 miles, how man) kilometres an hour does he tras el on the as erage ? 


(rf) 

19 Add 2 kilograms, 400 grams, 200 milligrams, 5 decigrams, l 
centigram Answer in grams. 

20 If a square centimetre of platinum foil weighs l centigram, how 
man) grams wall a square metre weigh ? 
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21 How many times can a decilitre flask be filled from a pnemnatic 
trough 10 cm broad, S cm. deep, and 25 cm long ? 

22. A solution contains t oance of salt m i pint of water How many 
grams of salt per htre of water wonld make a solution of the same 
strength’ 

23 If a 100 c-c. flask weighs 120 grams when full of water, what will 
it weigh when full of mercury, which is 13 J times as heavy as wafer? 

24. If 30 cm = I hnear foot, and r cub c foot of water = 1000 
ounces, find the weight of i htre of water m ounces. 




AFTER III 


THE MEASUREMENT OF MASS — THE BALANCE 

The mass or quantity of matter in a substance is measured 
by companng it unth standard masses These standard masses 
are usually called “ u eights ” Hence, the measurement of mass 
IS commonly spoken of as “weighing” The measurement of 
mass IS usually earned out with an apparatus called a balance 
T Exercise — To make a Simple Balance ^ — Take a box- 

wood scale, and dnll a hole near one edge at the division 



Fig a 


marked 50, and fix a steel knitting-needle tightly through the 
hole. Place two piles of wooden blocks, wai their faces 
parallel to one another, and about i inch apart Let the 
knitting-needle rest on the upper surfaces of the blocks w ith the 
scale between them. Does the scale balance honzontally ^ If 
not, wind some tin-foil round one end until it does. Take tw o 
piII-bo\es without lids and arrange to suspend them by thread from 

^ Adapted from and Jiff asurmg', by E- Edscr 
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the scale. Hang them at equal distances firom O. the middle of 
the scale, and on opposite sides of it. Does the scale stili b alan ce 
hoiizont^\ ^ If not, add suficient tm-fo 3 to one or other 
piD-box (Fig 8^ 

Remove the tvo boxes and put 20 gm into each. Hang one 
box 40 cm from O on one arm. Fmd where the other box must 
be hung that the scale ma} balance honzontaHj it has to be 
placed iio cm. from O on the other arm. Xot hang the first 
box m a nev* position again, the second box n'ust be p'aced 
at an equal distance from O to mamtam equilibnum It is clear 
that equal 'u.’eiscJ’is 'unll crl. ba^euice one anof/ur Tu/’en at Ofu^ l 
<iisfanccs from the ^ oint cf^f>f>cfr{ 

Agam, hang the rvS^boseS’ cm. from O and on opposite 
sides of O Place 50 gm. in one box, and add gram we ghts to 
the other until there is equihfanum Is it not necessary to add 
an equal weight, viz. 50 gm. ^ Repeat with some other weight m 
the first box. It becomes clear that /a.g substances 7 nust fza z e 

ore aroUtcr 'when ai equal dijiances 

Suppose we desire to find the weight of some copper turnings 
Place them m one box at A. Place the other box at B such that 
the length BO = the length AO Add standard masses or 

weights “ to the box until there is eqmhbnnm. Then we may 
conclude that the weight of the copper is measured bi the amount 
of the standard weights m the box. 

Of all the instruments which are at the present da\ m the 
semce of the chemist the balance is the most important- To- 
day the balance is to the chemist as his t ery right hand, and 
without it the rapid progress of the last century' would haie 
been impossible. The use of the balance has placed chemistry 
among the exact saences, and so fer as may be chemical 
problems are now put to the test m the laboratory, and not 
referred for an answer to the logician m his study. How difier- 
ent ou' opinion of the balance is from that of Jean Rev a shrewd 
physician, who said in 1630 . 

“I affirm that the e.xammation of weights which is made by 
the Balance differs greatly* from that which is made by the 
reason. The latter is only emploten b,. the ludiaous, the 
former can be practised by the venest down The latter is 
always exact ; the former is seldom without deception." 
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The balance is a delicate instrument, and Jean Key’s clown 
cannot be allowed to play with it, or it will soon be injured 
The Student’s Balance — ^\Ve shall now descnbe the 
balance to be used in almost all the experiments and problems 
descnbed in this book. 

It consists of a beam A B (Fig 9) which can be raised from 
or lo\i ered on to a knife edge at C by the handle D At its two 



ends are suspended pans E and F A needle H is attached 
ngidly at right angles to the beam, and its point is m front of a 
graduated scale. There are screw nuts at K and G by means 
of which the lengths of the arms can be slightly altered The 
nuts K and G should be so adjusted that when the pans are 
empty the needle swings over the same number of degrees to 
the right and the left of the zero point at the centre of the 
scale.^ 

Remo\e the pans from a balance. Examine the means of 

1 Several firms sell balances of this type. For laboratory wort it is recommended 
to obtain them fitted with glass cases, Ttherclw the balance w protected from the 
disturbing mflnence of air currents, and the still more dangerous effects of corrosive 
chemical fumes. 

A Rcntrk Balance — It is often only desired to Isiovr quicUy the approximate 
weights of substances A •very convenient balance is Salters Letter Balanc^No ii, 
which will carry looo grams (G Salter and Co , West Bromwich. $s 

Another comxnient balance is one built on what is laiown as the Frendi type. 
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support, including the knife edges Make a dnmng of the 
w-ay in which the pan is supported 
The Weights — In a set of weights from i centigram up to 
50 grams the foUomng indmdual weights are usually found — 


Brass 

r 50 

20 

20 

10 

L 5 

2 

2 

I 

Flat White) 

r 0 5 

0 2 

0 2 

0 I 

Metal 1 

L 005 

0 02 

0 02 

0 01 


Notice that there are just enough weights to add up to any 
sum from 01 to iii 10 grams 

For example, if a substance weighing 6789 grams ivere 
weighed, the weights would be made up as follows — 

{ + 50 + 10 

+ 5 + 2 

+5+2+1 

+ 05 + 02 + 02, 

The gram w eight and those greater than the gram are usually 
made of brass 

The Smaller Weights, which are always used m accurate 
w eighing, are differently marked by different makers They are 
made of aluminium, nickel, or platinum 



Fic 10 


The smaller w'eights shown above m Fig 10 represent 

I grim 02 gram oi gram 

= I deagrim = 2 centigrams = i centigram 

= 100 milligrams = 20 milligrams = 10 milligrams 

■^'The Rider — The 01 gram or centigram weight is often a 
small bent ware called a nder, because it can nde astnde the 
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balance beam When placed at different points along the beam, 
Its effective v eight changes, and makes it possible to neigh 
to milligrams or even t o tenths pf a milligram The beam of 
an accurate balance is dludedinto ten equal spaces WTien 
the nder is put on the outermost of these, it is north its full 
n eight, oi gram On the middle ditision it acts as 005 gram, 
and on the innermost duision as 001 gram 

Exercisk — Remove all the flat n eights from the box 
Arrange them on the squares drawn in Fig ii Ask your 


5 

2 

1 

05 

02 

01 


Fig II 


teacher whether you are right Rearrange the weights m their 
box. They should be in order of magnitude. Nexer force a 
weight into a hole too small for it Give each weight a separate 
space if you can The bent-up corner should be at the upper 
nght-hand comer Ask your teacher whether this has been 
properly done. 

The Method of ’Weighing — The follonang pioints should 
be obsen ed — 

1 Alua)s turn the handle D gcntlj, and nght over from one side to 
the other 

2 See that the pointer is swinging equallj upon both sides of the 
scale, when the pans are erupt) [Wh) ?] 

3 Stop the swinging of the balance whenever the object or the 
weights arc added to or removed from the pans ft^'h) ?] 

4 Alwajs place the object to be nciglied in the left hand pan, and 
the weights in the right hand pan [Whj ?] 

5 The position of the observer should be opposite the centre of the 
scale. [Whj ?] 
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6 First add the largest weight necessary, and tlicn try the smaller 
ones in descending o> dei of magnitude, omitting none, but removing those 
that are too heai'y before substitubng lighter ones, and arranging the 
weights on the pan in order of magnitude, with the larger in the 
centre. 

7 When the object is exactly balanced, wnte do^vn the weights 
missing from their places m the box, and also the weights on the 
balance pan, and see that the two agree 

8 Never weigh anything which has been heated, until it is cold 


Exercises 

"Weighing 

1 Find whether the balance sivings true, the pointer vibrating to 

equal distances on each side of the middle point of the scale Probably 
It does not Take a square decimetre of paper Tear it m two 
Letter one half A Tear the other half in two Letter one part B 
Go on bisecting , letter the weights so made A, B, C, H 

Use these w eights to counterpoise the balance until it does swmg true 

2 If the error of the balance is less than a cenbgram, use a centi 
gram rider, and inthout any other weight find what weight would 
adjust the balance 

3 Pick out weights amounting to 87 65, arranging them neatly on 
the balance pan, the largest in the centre 

4. Add up the weights on the balance pan 

5 Add up the spaces in the box 

6 Take a set of English gain weights, 600 grains to 10 grains, and 
find the iveight of each in grams to the nearest decigram next below the 
true weight Wnte ansivers thus — ii 9 + 

7 Repeat exercise 6 to the nearest centigram next below the true 
weight 

8 Cut a piece of lead lo weigh exactly 10 grams 

9 Cut a piece of lead foil to weigh exactly i gram 

10 Weigh newly minted French (or English) silver coins 

1 1 Weigh the glass stopper ^ pro\ ided 

12 Weigh the copper cylinder ^ provided 

[Further exercises in weighing will be found in the succeedmg 
chapters Excellent exercises tvill be afforded by determinations of 
relative density ] 


1 The teacher is recommended to keep a stock of gloss stoppers and copper 
cjlmders of ascertamed weight 



CHAPTER IV 


THE MEASUREMENT OF THE VOLUME OF A LIQUID 

The Units of Volume — These are the htre for large 
\oIunies, and the cubic centimetre for small volumes Ihe 
htre IS equal to looo cubic centimetres 

It is verj important to remember that 1 c C of water 
weighs 1 gram ‘ Consequently, we may regard any given 
number of grams of water as occupj- 
ing a volume expressed by the same 
number of cc. For example, i htre 
or looo c-c. of water will weigh looo 
grams The convenience of this relation 
will be learnt from the following experi- 
ment 

Exercise i To find the Volume 
of a Pebble — We shall know its volume 
if we can find out how much water it can 
displace Take a small bell jar wath 
an open neck. Fit into the narrow 
end a rubber stopper, through which is 
passed a narrow glass tube, bent as 
shown m Fig 12 Fix it m a clamp 
tn, ,, Place a tumbler underneath, and pour 

water into the jar until it is full up to 
the mouth of the tube Tie a thread 
round the pebble. Weigh a beaker Place it below the low er 
end of the tube Carefully Iqvver the pebble into the water 

^ This IS stnclly true onlj at 4 C The a\crage temperature of a room is about 
15 C Hence, since water expands slightly bciucen 4^ C and 15 C , 1000 c.c. of 
uater will at 15 C weigh shgbtl> less than 1000 grams. 
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until It IS quite immersed. The water or erflou s, and is caught 
in the beaker Weigh agam Example — 


Weight of beaker S 53 gm. 

Weight of beal er -r water which overflowed 29 97 j > 

Weight of water which overflowed 21 44 „ 

and Volume ,, ,, „ 21 44 c a 

Hence, volume of pebble 21 44 C-C- 


It IS nov. evident that we can readilj find the r olume of a 
flask by first weighing it when empty, and secondly when filled 
wnth water For the increase m weight expressed in grams v ill 
measure its v olume expressed m cubic centimetres 
Exercise 2 To find the Voltune of a Flask up to a 
mark on the neck. Gum a label on the neck, and make a 
horizontal mark on the label Weigh the flask. 

Fill It with water up to the neck. If the top 
surface of the water m the neck of the flask be 
obsened, it is seen to be curved {Fig 13) This 
cun ed surfece IS called the memsctis If there 
15 a horizontal mark on the neck of a flask, it is 
said to be full up to the mark when the lowest 
point of the meniscus is on the ler el of the mark, 

Carefnlly bnng the meniscus to the mark. Enter 
results thus — 

Weight of flask 24 21 gm. 

Weight of flask filled with water 106 42 ,, 

Hence, weight of water m flask S2 21 „ 

. Volume of flask 82 21 C.C 

MeasTXring Flasks — In canynng out experimental work it 
is found con\ ement to ha\ e flasks with which to measure out 
a definite r olume of liquid, for instance, 100, 250, 500, 1000 c.c 
Evercise 3. To mark a Flask to contam 100 c c — 
Take a dry 3-ounce flask vnth a narrow neck. Weigh empty 
Then add water till there is an mcrease m weight of 100 grams 
Allow the flask to stand until any water on the side of the neck 
has drained down. With a sharp file moistened mth vater 
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scratch a honzontal line on the neck to mark the low est point of 
the cuned surface bounding the water and the air 

The measunng flasks most often used are litre, i-htre, J-htre, 
and too c.c flasks (Fig 14) Thej are usuallj fitted wnth 
ground-glass stoppers, and when filled 
up to the arcular line etched upon 
their necks contain at 15° C the 
\olumes which are marked upon them 
Measrarmg Jars — These are tall 
C) hndncal % essels, graduated in cubic 
centimetres, and holding too, 200, 
250, 500, or 1000 C.C. (Fig 1 5). 

The student will understand how to 
read the le\el of a liquid in a measur- 



ing jar after studj ing the use of a burette 

; PipetTfces — Flasks and measunng jars measure the ^ ' ■ 

liquids the> coniai/:, but it is extremeh useful to hate 
^ essels which wall measure omX, ov dthver, accurately . me 
a small definite \ olume of liquid. _ 

Y pipette is a glass tube open at both ends, upon ■\ 
which a C} hndncal bulb has been blowai (Fig i6)- ’ 4- * 

There is a circular mark on the stem \^^len filled “ ^ ' 

wath liquid up to the mark, the pipette wall delner “ ‘ 

e.\actl> that \ olume which is marked upon it Hh' 

^ Exercise 4. To tise a Pipette — Place the 
pointed end of the pipette in water Suck up the 
water till aboie the mark. Quicklj close the upper 
end wath the moist thumb Pressing gentlj, rotate 
the pipette so that the water \eia slowh flows out 
until the meniscus reaches the mark. Then press ^ 
tightlj The flow ceases Transfer the pipette to a 
beaker, remo\e the thumb, and let the liquid flow out. As 
soon as the pipette appears to be empt>, let it dram for fi\e 
seconds, w ith the tip just below the surface of the water in the 
beaker The drop of water which is still in the pipette is left, 
and not blowa out 
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Exercises 
Use of Pipette 

1 Suck up irater m a pipette Set to the mark. 

2 Take a 10 c c pipette and a small beaker (2 oz.) Find how 
many 10 c-c. of water can be added to the beaker 

3 Take a 10 c.c. pipette and a loo c.c. flask Find the level of the 
water after 3'ou have added lo c.c of ivater to the flask 10 times 

4 Repeat No 3, using a too c.c. measunng jar in place of the 
flask 

5 Weigh an empty beaker Measure into it 5 quantities of water of 
10 c c. each by means of a pipette Weigh again VTiat is the gam 
in M eight ? 
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Burettes — A burette is a glass tube with a glass tap at the 
oner end, used to deliver any desired volume of liquid (Fig 17) 
rhe tube is graduated in cubic centimetres and tenths of a cubic 
entimetre. In place of a glass tap a burette may be fitted 
nth a glass jet attached by an india-rubber tube, on which is 
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placed a spnng clip , such a burette is more suitable for school 
use 

'' Exercise 5 To prepare a Burette for Use — Fi\ the 
burette upnght in a clamp Place a spnng clip upon the rubber 
tube Pour i\ater into the tube through a small funnel, until its 
level is above the top of the scale. Remove the funnel Open 
the clip, and let some ivater run out, so that no air is left in 
the burette below the clip The burette is now ready to deliver 
a measured volume of water 

Examine the dmsions and figures upon the burette. Draw 
the portion from 41 to 43 four times the actual size. 

Burette-Reading — The surface of a liquid m a burette, like 
that in a flask, is cun ed, and is called th e vtenisa es . it is always 

the Igwest^oint of the 
meniscus which is 
measured. Note the 
following points — 

(i) The eye must be 
on the same level as 
the curve, otherwise 
the cune is seen dis- 
placed above or below 
the true position (see 
Fig 1 7 a) The level 
position maybe obtain- 
ed thus Stand a few 
paces back from the 
burette, and decide upon some object behind the burette, which 
appears to be on the same le\ el as the meniscus Then go up 
to the burette, and place the eye so that the meniscus is seen 
exactly on a level w ith the object selected 

(2) The extreme edge, or lo 7 uest ■position, of the meniscus is, 
howe\er, sometimes hard to see, but it can be made clear On 
looking into an aquarium from below the surface-line gold-fish 
are seen reflected abo\e the surface. This phenomenon of 
reflection from the inside of a surface is called internal reflec- 
tion, and It IS this which may be made use of to render the 
meniscus distinct If the background is not bright, the meniscus 
IS made clear bj holding a white object just behind and just 
below the surface The edge of a card held behind the burette 
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tube answers admirably At night, however, when the back- 
ground IS dark, a gas flame may be put on the bench below to 
illuminate the meniscus 

(3) The graduations are decimal, each fifth and tenth line 
being longer than the rest Notice the figures opposite the 
divisions Find whether they count upwards or do\vnwards 
Find how many c c. or what decimal of i c c each scale- 
dmsion stands for 


Examples VI 
Boiette-Beading 

1 Read the position of the liquid in the figure of a tube shown 
on next page (Fig 18), taking the two long lines W and X to represent 
respiectively — 

ABCD E F G H 

30 40 7 800 120 130 250 250 

and 20 50 6 900 100 150 200 300 

For instance, the two lines W and X represent 30 c c and 20 c.c 
respectively m question A, 40 c.a and 50 c c. in quesbon B, and 
so on 

2 Sometimes the lowest point of the meniscus is not exactly opposite 
to any of the scale dmsions , tenths or other fractions of a division 
should then be estimated (see page 9) 

Read the pMDsihon of the liquid shown in Fig 19, estimating the 
position of the curve in tenths of a scale dmsion, taking the tuo long 
bnes Y and Z to represent respectively — 


K 

L 

M 

0 

P 

Q 

R 

14 

10 

30 

40 

700 

800 

0 

13 

11 

20 

50 

600 

900 

1000 


Exercises 

Burettes, Measuring Jars, and Pipettes 
(a) Burettes 

(1) Pour water into a burette Set it exactly at 10 c c 

(2) Pour some water out of the burette Read the neu position of 
the liquid 
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Fig i8 Fig 19. 

(3) Choose a lOO gram pipette and a 50 c c burette, graduated to 
tenths of i c.c Set the liquid m a burette to 50 Measure 100 grains 
of aater in the pipette, and run it into the burette Read the level 
now Run in another 100 grains, read again, and so on until you read 
the top of the burette Take the difference between each two consecu 
ti\e readings. These differences ought to be equal, for each should be 
the number of c a occupied b) 100 grains of water If the differences 
are not nearly equal, find out where you have made a mistake 
Repeat the exercise wath still greater care, estimating tenths of a 
division 

State vour results thus — 
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E\pt I Measunng to i c c. 

Differences 


0 so ^ 

1 43 7 - 

2 37 2 

3 3 o 8 ' 

4 24 3 - 

5 17 S- 

6 II 4 

7 


63 
65 

64 

65 
65 

64 


EVPT 2 Estimating or c.c. 

Differences 


SO - 
43 SJ- 
37 05- 
30 S6- 
24 10' 
17 62 
!I 14 
469 


6 49 
646 
649 
646 
648 
648 
645 


4. Pout vtater into a burette Set it exactly at o c c Weigh an 
empty beaker Run mto it exactly 5 c.c Weigh Run in another 
5 C.C., neigh again, and so on until you ha\e run out 50 c.c Take the 
difference beta een each two consecutive weighings These differences 
should be equal if the burette is correctly graduated. 

S You are pronded with a small bottle Find its \olume by means 
of a burette 


( 6 ) J/castfrf/ig- Jars 

6 Make a dranung, tmce the real size, of the portion of a measunng 
jar Crom 60 to 80 Shoiv the graduations and the figures 

7 Add water to a measunng jar until the level of its surface is exactly 
at 74 c c 

8 Read the level of the irater in the measunng jar pronded 

9 You are provided with a measuring jar and some marbles Devise 
a method of finding their \olume Fmd also the aierage \oIume of 
I marble 


(r) Ptpetles (see also p 33) 

10 Find the volume of a 100 gram pipette as follows Weigh an 
empty beaker Fill the pipette with water, and run the water into the 
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bfaker Repeat three times Again weigh Calculate the weight in 
grams of loo grams of water 

II Recalibrate the pipette provided, thus — Gum a strip of paper 
ij inch long upon the stem of a pipette. Fmd the lolume up to the 
bottom, and also to the top edge of the paper, proceeding as in No la 
Calculate where the mark should be placed upon the stem, and mark 
It on the paper 




CHAPTER V 


THE MEASUREMENT OF TEMPERATURE 

Heat and Temperature — Every one can attach some 
meaning to the word Heat The sensation of heat is familiar to 
all And yet we shall often make mistakes m judging whether 
a substance is hot or cold by our sensations For the same 
room may at the same time appear hot to one man and cold to 
another Indeed, the two hands may judge differently of the 
same substance , test this by placing one hand for a few 
seconds in hot water and the other in cold, and then place both 
together in lukewarm water one hand feels cold and the other 
warm It is clear, then, that the sensations of heat and cold m 
our bodies do not necessarily tell us anything of the actual 
state of a substance with regard to heat or cold 

Nevertheless there is no room for doubt that different states 
of a body with regard to heat and cold can exist, and we shall 
proceed to consider how these different states or conditions can 
be measured This we can do without stopping to find out 
exactly what heat itself is 

Temperattire — If a poker be placed in a fire, the end out- 
side the fire quickly becomes warm, and we understand that 
heat has passed from the hot coals into the poker If the red- 
hot poker be placed in a bucket of cold water, the poker will be 
rapidly cooled, and we say that heat has passed from the poker 
intoJthe_iyater Many instances are met with every day of heat 
passing from one body to another , such bodies are said to be 
at different temperatures', and the heat passes from the body 
which IS said to. have the higher temperature to that which is 
said to have the lower temperature 
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A difference m temperature between two bodies may be 
compared to a difference m level between the w’ater m two 
cisterns When two bodies are so placed that heat can flow 
between them, the flow of heat will ahvays take place from the 
body which has the higher temperature to that which has the 
lower temperature, just as water will always flow from a higher 
level to a lower Indeed, temperature may be defined as that 
cojidtjwn of a -body uponJwJitch depeftds iJic flow of heat to or 
from other bodies It is important also to observe that the 
passage of heat from a hot to a cold body will continue until 
they reach a common temperature, just as water is said to find 
Its owm level 


/I 


Fig to. 

Preliminary Idea of a Thermometer — When heat is 
applied to any body it may produce many effects, but none 
IS more noticeable than change in volume. In by far the 
greater number of cases a body expands or increases m volume 
when It IS heated 

Expt I To show that Iron expands when heated.*— 
Support an iron gas pipe at its two ends upon tw’o needles, 
resting upon honzontal glass plates, and let the central portion 
of the pipe he within (but not touching) a gas furnace (Fig 20) 
Fix to each needle a light straw to serve as an index. Now light 
the furnace. In a short time each needle begins to roll outwards 
turning he straw This movement must be caused by the 
lengthening (expansion) of the bar Note that the hotter the 
pipe becomes the greater is the expansion, and the consequent 
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ino\etiient of the straws Allovr it to cooL Note how the 
needles roll back. 

ExPT 2 To show thatWater expands ■when heated. 
—Take a glass flask. Select a rubber stopper, wnth one bole, 
which fits It doseh Pass a narrow glass 
tube, 50 cm m length, through the cork, so 
that the end of the tube is flush with the 
lower surface of the stopper (Fig 21; Fill 
the flask quite full with water coloured wnth 
indigo Push the stopper wnth the tube 
into the neck of the flask so that all air is 
expelled, and the hquid nses a short was 
up the tube. Mark the le\el of the hquid 
with a piece of gummed label Immerse 
the whole of the flask in a \essel containing 

hot water 
What do 
you o b- 
sene’ The 
liquid in the 
tube first 

falls shghtlj , then it nses 
steadily MTij ^ The fall at 
first may ha\e been due to a 
contraction of the water, or to 
an e-xpansion of the glass flask. 
The heat bad hardly time to 
reach the water, so probably the 
fall was due to the flask expand- 
ing The second change — the 
slow' steady nse — is due to the 
gradual heating and expansion 
of the water wnthin the flask, 
i dExPX 3 To show that 
(Air expands when heated 
— Close a glass flask wnth a 
Fig. 2; rubber stopper through w hich is 

passed a long glass tube. In- 
\ert the flask and support it so that the open end of the tube 
dips under coloured water contamed m a beaker (Fig 22; 




Fig 21 
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Warm the flask first with the hand A few bubbles escape. 
Then warm the flask wath a flame The enclosed air bubbles 
out much faster Remo\e the source of heat Water nses 
up the tube, showing that the air contracts on cooling 

In these three experiments we have illustrations of the ex- 
pansion by heat of a solid, of a liquid, and of a gas In each 
case the expansion indicates the flow of heat into them from 
sources which arc at higher temperatures Hence, if we find 
that a substance is expanding in volume, we may conclude that 
heat IS probabl) passing into it from something else which/ 
must be at a higher temperature 
The simple instrument described in Experiment 2 may 
be used to compare the temperatures on different d.a>s, or 
m different parts of a house, prov ided m each case the 
instrument is left sufficiently long for the passage of heat 
to continue until the instrument and the room have 
acquired a common temperature. If the glass tube be 
graduated — that is to sa>, divided into equal divasionsand 
numbered — temperatures may be stated in terms of this 
scale. Such an apparatus is a simple instrument for 
recording and measuring temperatures — in otlicr words, 

It is a rough thermometer It may be remarked that 
rio S3 Galileo in the )car 1597 was probably the first to employ 
a thermometer 

The Mercurial Thermometer 

Exercise — i Examine n mercurial thermometer Draw the bulb 
and a portion of the stem four times the actual sire 

2 Try the eflect of holding the bulb in the hand, and of plaang it 
m the mouth 

The ordinary mercurial thermometer is really just such an 
instrument as vvas used m Expenment 2 Mercury, however, is 
used as the liquid instead of waiter The principal advantagesy 
of mercurv over water are, that it docs not frcczc^\xa.t\\ a_v cry 
low temperature, and secondly, that it does not boil until a.very 
high temperamre. The mercurial thermometer consists of a 
very' fine thick-w ailed glass tube, which ends m a round or 
cydindncal bulb (Fig 23) 

The Fixed Points on a Thermometer — In order 
that a thermometer may be of practical use, its stem must be 
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graduated And, further, all thermometers should be marked 
so as to show the points at which the mercury would stand 
were all exposed alike to one or two particular temperatures 
Otherwise, it would be impossible to compare the readings 
of one thermometer n ith those of another 

In graduating the thermometer it is customary in the first 
place to mark upon its stem the points at which the mercury 
stands when it is heated to two standard temperatures It was 
Neivton who suggested that for these fixed points, as they 




Fig as 


are called, the melting temperature of ice, which is found to be 
very constant, and the temperature of steam ansing from boil- 
ing water, which also, as inll be shown later, is constant so 
long a the pressure of the air remains the same, should be 
employed 

Expt 4 . To mark the Boihng Pomt on a Ther- 
mometer — Take a large flask containing some water, and fit 
It mth a cork File two grooves dowm the side of the cork, and 
pierce it with a hole through which a thermometer can be thrust, 
so that Its bulb is just above the surface of the water (Fig 24) 
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Boil the water vigorous!) The thermometer is now surrounded 
by steam Observe carefully the point to which the mercur)" 
rises This point is marked one hundred degrees or j ooL-on. 
a Centigrade and 212° on a F ahrenheit thermometer 

E\pt 5“ To mark the Freezmg Pomt on a Ther- 
mometer — Fill a funnel with pounded ice. Support it on 
a tnpod. Plunge the thermometer into the mass (Fig 25) 
Obsen’e the point at which the mercur) becomes stationary' 
This IS marked_o° on a Centigrade and 32° on a^ Fahrenheit 
thermometer Is your thermometer marked correctly ? 

Scales of Temperature — The difference m temperature 
between these two fixed pomts is large. It is customary to 
subdivide the interval between them according to one or other 
of three scales, named the Fahrenheit, Centigrade, and Rdaumur 
scales , we need only consider the first two 

On the Fahrenheit scale the freezing point is marked 32° 
and the boiling point 212°, while on the Centigrade scale they 
are marked and 100° respectnely (Fig 26) The mten'al 
between these points is therefore divided into 180 equal divisions 
or degrees on the Fahrenheit and into 100'’ upon the Centigrade 
scale. 

Hence, 180 Fahrenheit degrees = 100 Centigrade degrees 
or 9 .. .. = 5 

Therefore, 1 „ „ = | „ „ 



The position marked 0° on a scale is often called the zero of 
the scale. On the Fahrenheit scale zero is 32'’ below freezing 
point. 

Degrees below 0° are marked by the negative sign thus 
- 10’ C means 10° below 0° C 

-/To Bead the Thermometer — Although the interval 
between the fixed points on a Centigrade thermometer is dinded 
into only 100 degrees, it is neiertheless possible by means of the 
eye to mentally subdivide each degree into tenths, and therefore 
to read any gi\ en temperature to the nearest tenth of a degree. 

Fig 27 shows a piece of a thermometer stem. The gradua- 
tions stand for single degrees The end of the mercunal column 
lies between 11° and 12^ Subdividing the eleienth degree by 
the eye, the reading is ii' 4. 
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Also obsen'c the follow ing points — 

1 The ej'e should he at nght angles to the scale at the point 
reached hy the mercurj^ (compare p 34) 

2 The thermometer should be read while its bulb is in the 
substance of w’hich the temperature is being taken 

3 The figures count upwards 


F C 



Fig 26 Fig 27 


Exercises 

1 Fill a tumbler with cold water from the tap Place a C thermo 
meter in the w ater Read the temperature. Change the water and 
read again 

2 Take some cold water in a beaker , and place a C thermometer m 
It fleat the v, ater o\ er a small flame. WTien the temperature reaches 
20 C , dip jour fingers into the water, and descnbe jour impression 
Continue to heat the water, and when the temperature is 40° C and 

C try it in a sirmlar waj 
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3 Read the lliermometers phccd about the room and up the wall 

4 YTiat IS the lowest temperature that can be read with the thermo- 
meter prosadcrl ? ^\^lat is the highest temperature ? 

5 Read the position of the arrow on a clinical thermometer 

Conversion of Thermometric Scales — 

(1) Find the Centigrade reading corresponding to So’ F 

So° F IS (So° - 32°) or 48'’ r above the freezing point. 

48“ F IS 48’ X 5 C or 26° 6 C above the freezing point, which is o* 
on the C scale 

Hence, the required reading is 26° 6 C 

(2) Find tlie Centigrade reading corresponding to 20’ F 

20” r is (32° -20°) or 12 ” F below the freezing point 

12° F IS I2°x J C or 6 ° 6 C below the freezing point, which is 0° 
on the C scale 

Hence, the required reading is - 6° 6 C 

(3) Find the Fahrenheit reading corresponding to 15° C 

15° C IS 15° X f r or 27” F above the freezing point, which is 32° on 
the Fahrenheit scale. 

Hence the required reading is (27°-(-32°) F or 59' F 

♦Mechanical Interpolation —The conv crsion of thermo 
meter scales is only one instance of the mathematical process 
called jtiferpola/ioji Other instances occur in making out 
railwa> time-tables, m arranging prices and sizes of goods, and 
m the use and preparation of loganthmic, astronomical, and 
other tables (see Chapter XVIII ) 

Examples VII 

Interpolation— Conversion of Thennometnc Scales 
(i) * Interpolation 

1 In a certain street the lamp posts and the houses do not count from 
the same point The third lamp post is oppmsite No 21, and the 
seventh lamp post is opposite No 45 IVhat number is opposite the 
tenth lamp post ? 

2 On a certain railwaj journey bj express K, L, ann M are jiassed 
at 123, 12.21, and 12 27 A slower train passes K and M at i 4 and 
I 40 At what time does it pass L? 
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3 If the sun sets at 6 lo p it on September i6, and at 5 54 on 
September 23, find the time of sunset on September 21 
4. A solution containing 40 per cent sulphunc acid has the density 
I 306, and a 50 per cent solution has the density i 398 MTiat is the 
density of a 46 per cent solubon ’ 


(u) Com'ERSioN OF Thermometric Scales 
What Fahrenheit temperatures are equal to 


5 

25” C 6 5° C 

7 

So°C ? 

WTiat Centigrade temperatures are equal lo 



8 

50° F 9 95 ° F 

10 

122° F ? 

Express on 

the Fahrenheit scale — 



II 

20° C 12 -S°C 

13 

4 °SC 

Express on 

the Centigrade scale — 



14 

40° F 15 14" F 

16 

- 4 “F 


17 On the R&umur scale the freezing point is 0° and the boiling 
point 80° What R&umur temperature is equal to 59° F ? 

18 WTiat Fahrenheit temperature is equal to 16° R ? 


Exercises 

Thermometry 

I Fill a beaker uuth cold uater from the tap Place a F and a C 
thermometer in the water Read the lowest temperatures thej show, as 
nearly as possible at the same Ume Change the water, and again read 
Repeat four more times Enter thus — 



Con\ert the last C reading to the F scale Does the number agree 
wnth the last F reading ? 

2 Whrm the water m the beaker, and when the C thermometer 
reads about 40°, remove the flame, stir, and read both thermometers 
accurately, and as nearl) as possible at the same time Convert the C 
reading to the F scale Does the result agree with the F reading? 

3 Heat the water again, until the C thermometer reads about 75°, 
and then read both thermometers. Conv ert the F reading to the C 
scale Does the result agree with Uie C reading ? 
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4. Now boil the water, and phce the C Ihermonieter in iL Arrange 
two columns in your note book headed Tune and Temperature, thus — 


Time 

3 hr 20 m o sec. 

3 20 30 

3 21 o 

3 21 30 


Temperature 
100° 2 C 


Look at the second hand of your watch, and when it is at the minute 
read the thermometer and at once extinguish the flame, but leave the 
thermometer in the ivater Put down the temperature of the boiling 
water opposite to the first time reading Then, at mten’als of half 
minutes, take the readings of the thermometer to the first decimal place 
Take 16 readings Plot the results on squared paper (See Chapter 

x\aii ) 

5 Half fill a flask with water Add about 10 grams of common 
salt Heat the flask until the water boils Hold the bulb of a C 
thermometer in the steam above the boiling liquid What is the highest 
temperature it records ? 

Then place the bulb of the thermometer ?« the boihng hquid Is the 
reading the same ? 

6 Pound some ice in a mortar Add a small handful of common 
salt. Mi\ thoroughly Read the low est temperature reached 
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- CHAPTER VI 

THE MEASUREMENT OF THE RELATIVE DENSITIES OF SOLIDS 

AND LIQUIDS 

I THE RELATIVE DENSITIES OP LIQUIDS 

No one can fail to be aware that there are many different 
kinds of liquids At the mention of mercury', n-ater, oil, or 
methylated spirits, ne may also perhaps admit that they are not 
all equally heaN'y But how can w e actually compare the weight 
of one liquid with that of another ’ Obviously by weighing m 
turn one and the same volume of each liquid We know that 
TOO cc. for instance of nater weigh loo grams Suppose ne 
find the weight of loo cc of other liquids 

We can readily measure out equal volumes of different 
liquids by means of a pipette 

E\pt I To find the Weight of 100 c c of Methy- 
lated Spurts — Take a small dr>' beaker Weigh Measure 
into It by means of a pipette 20 c c of methylated spints 
Weigh State thus — 

Weight of beaker = 15 41 gni 

Weight of beaker + 20 c c spints = 31 45 ,, 

Weight of 20 C.C. spints — i6 04 ,, 

Weight of 100 cc. spints = 80 20 jj 

Exercises 

Find the weight of 100 cc of — 

(1) milk (4) hydrochlonc aad, 

(2) oil of turpentine. (5) sulphunc aad 

(3) chloroform (6) seawater 

VOL I 
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Comp-irc jour results rvitli the following numbers, which were 
obnined m the sime wij — 


Mcthjlalcd spirits 

So 2 

gm 

Oil of turpentine 

863 


1 cnzcnc 

SS2 


Sea water 

102 5 

»» 


Millv 

Hjdrochlonc ^cld 
Chloroform 
Sulphunc ^cld 


102 9 gm 
114 I M 
147 I .. 
17S2 „ 


It IS e\ident that equal \olumes of these liquids contain 
different amounts of matter This is usuallj expressed bj sajang 
tint some liquids arc denser than others, or that they possess 
different densities ' 

Now, It IS conrenicnt to compare the densities of different 
liquids wath that of some one liquid, and waiter has been chosen 
as the standard liquid We can at once obtain from the results 
of our expenments numbers which will express the density of 
an\ liquid relative to that of water 
^Definition of Relative Density — 

J Relative density Weight of a substance 

\ Specific gravity Weight of an equal volume of water 

\ For instance — 

Relamedensit) of milt = '' e.ght^|jooaa_n^ 
weight of 100 c,c water 

— 9 

100 

= 1029 


In this wa) we find the following relatne densities, or speofic 


gTa\ ities, as the\ are often termed — 


Mcthjlated spints 

0 S02 

^ Milk 

I 029 

Oil of turpentine 

0 S63 

I Hjdrochlonc acid 

I I4I 

Benzene 

0 SS2 

Chloroform 

I 471 

'Water 

I 000 

Sulphunc aad 

I 782 

Sea water 

1 025 




1 Definition of Density — T 7 tt d{$m(y 0/ a suistanez zt defined as iki trass of 
unit Tolurre 

Hence, for example from the resnlls above — 

Density of meth>lated spirits — o 801 
Di*nnty of sulphunc aad = x 782. 
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Obsen^e the meaning that these numbers bear The state 
ment that the relatiie density of milk, for example, is 1029 
means that xolume for xolume, milk is i 029 times as heavy 
as water, and that i cc. of milk therefore iveighs 1 029 
grams 

It is important to obsene that determinations with different 
samples of any one liquid — for example, oil of turpentine — gi\ e 
V ery nearly the same numbers This fact leads us to suspect 
that any definite liquid has a relatne density which is a constant 
property of it (at a given temperature) So long as the liquid is 
not mixed wnth any other liquid, its relatu e density appears to 
remain constant, and to have a fixed i alue. Consequently, it is 
possible to distinguish between hquids which may otherwise 
resemble one another by a refer- 
ence to their relative densities For 
instance, the adulteration of milk 
with w'ater, or the addition of water 
to alcohol, may be detected by 
findmg the change of relative den- 
sity which results from the admix 
ture 

'/'fee Use of a Relative Den- 
sity Bottle — Determinations bj 
the above method are rapidly made, 
and give excellent practice in the 
use of a pipette But equal volumes 
of hquids can be more accurately 
measured in a Relative Densitj 
Bottle (Fig 28) The glass stopper 
has a fine hole bored through it, 
and IS ground to fit the neck ac- 
curately The bottle is filled wnth 
liquid, and the stopper then lowered gently into place, so 
that all air bubbles and ex'tra liquid escape through the hole 
The top of the stopper and outside of the bottle are w ipcd diy 
before weighing So accurate is this instrument that, if held in 
the hand for a few seconds, the liquid, expanded bj the heat of 
the hand, wnll begin to exmde through the hole 
These bottles are usually made to contain exactlx 25 grams 
of water at 60 F But this should be tested by experiment 
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Members of i class are recommended to determine by 
means of this bottle the relatue density of some one liquid, eg 
methylated spints or a solution of salt Results should only 
difter m the third place of decimals 

Calculations — i Find the weight of 50 c.c of mercurj' 
relative density of mercur)'=i3 5 

State thus — 


I c c of mercury weighs 13 S g™ 

50 c c „ ,, 13 5 '< Sogm 

or 675 gm 


2 Find the volume of too grams of sulphuric acid relative 
density of sulphunc acid = i 85 


I 85 gm sulphuric acid occupy i c c 


I 


if 


100 


if if 


if a 


if 


1 

j 85 
100 
1 85 
or 54 o 


c c 

c a 
C.C 


Relative Densities of some Common Liquids — 


Ether 

73 

Alcohol 

80 

Benzene 

88 

Turpentine 

89 

Olive oil 

91 

Water 

I 00 

Milk 

I 03 

Sea water 

I 026 

Glycerine 

I 26 

Chloroform 

I 47 

Sulphunc acid 

I8S 

Mercury 

13 59 
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Examples VIII 
Eelative Densities of Liquids 
(«) 

1 Find the weight of too c.c of chloroform relatne density of 
chloroform = I 47 

2 Find the u eight of a litre of alcohol relatii e density of alcohol 
= o So 

3 50 C.C. of turpentine veigh 43 1 grams Find the relative density 
of turpentine. 

4 60 c c of a sample of milk weigh 61 4 grams Find the relatne 

densitj of the milk ' r-, n ^ 

5 One litre of a certain liquid weighs i kilogram \\Tiat is the 
liquid probably ? 

6 Find the volume of I gram of mercurj' relati\e densitj of 
mercury = 13 5 

7 Find the \olume of 1000 grams of olive oil relatne density of 
olne oil = o 9 

8 Find the volume of i gram of alcohol relative density of alcohol 

= o So 

9 Find the ^olume occupied bj 51 3 grams of sea water relative 
densit} of sea water = i 026 

10 Find the volume occupied by 31 5 grams of gl)cenne relative 
density of gl} cenne = i 26 


(< 5 ) 

[ 4 }isweis (o 4 sigwjicanl figiirts ] 

11 Two beakers are placed one on each pan of a balance, and shot 
are added until the beam swings evenly Then 5 c c. of mercury arc 
placed in one beaker, and it is found that 67 5 c.c. of water have to be 
added to the other lieaker to restore the balance Calculate the densitj' 
of mercurj’ relatne to water, and the densitj of water relative to 
mercury 

12 A pipette contains 30 86 grams of spirits of relative density o 81 
AVhat IS the v olume of the pipette ? 

13 WTiat weight of sulphuric acid of relabve density i S6 will the 
same pipette contain ? 

14 20 C.C of a liquid A of relative densitj 1 are added to 20 c.c 
of a liquid B of relaln e density o 81 What is the w eight of the 
mixture? 

15 The mixture referred to in E\ 14 measures onlj 38 5 c.c , owing 
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to contraction hivnng taken place ^\^lat is the relatisc density of the 
mixture ? 

16 A flask Mcighs 25 grams when emptj, 125 grams when full of 
distilled water, and 127 6 when full of sea water Find the relative 
densit) of the sea water 

17 IIow man} c.c of sulphunc acid (i S5) must be measured out to 
obtain 1 1 1 grams of it ? 

18 Alcohol ( S) and sulphunc aad (i 85) arc to be mixed in the 
proportion I 3 b} weight. WTiat volume of alcohol should be taken 
w ith 200 C.C. of acid ? 

19 \ salt solution has the relative densit} i 025 , how man} cc. of 
water must be added to l litre of it to reduce its relative densit} to I 020? 

20 Find the relative densit} of a mixture of loo c-c. water with 
100 C.C spints of relative densit} oSi, assuming that the liquids 
contract b} 2 per cent of their onginal volumes on mixing 

21 A 200 c c. flask weighs 300 grams when full of water What 
will It weigh when full of mercuiy (13 5)? 

22 A bottle weighs 20 grams. Full of water at 4° C it weighs 
70 grams When filled wath water at 65° C it only weighs 69 grams 
Find the relative densit} of the hot water 

23 \ lube 30 cm long weighs 15 grams when empt}, and 96 grams 
full of mercury (13 5) Find in sq mm the area of the cross section 
of the tube 

n THE RELATIVE DENSITIES OP SOLIDS 

All that has been said of liquids, as regards the differences in 
density which are found to exist, is of course true also of solids 
Although It would appear at first sight more difficult to measure 
the relative densities of solids, there are several ways in which 
It can be earned out Remember that it is required to compiare 
the weight of a solid wath the weight of an equal volume of 
vv-ater How can we find the weight of an equal volume of 
w ater ^ 

(A) FIRST METHOD REGULAR SOLIDS 

We can easily determine the volume of most regular sohAs, 
eg cubes, cylinders, or spheres, bv direct measurement and a 
simple calculation 

Expt 2 To find the Relative Density of a Rect- 
angular Oak Block — The volume is readily calculated from 
the length, breadth, and height of the block. Measure each of 
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these accurately in cm and deamal Also i\eigh the block. 
Enter measurements thus — 

length = 5 o cm 
breadth = 5 o cm 
height = 2 5 cm 

volume of block = 5X5X25cc. 

= 62 5 C.C 

weight of an equal volume of water = 62 5 gm 
Also, weight of block = 4S 16 gm 
Hence, relative density of the oak = 

= 0 77 


Expt 3 To find the Relative Density of a Copper 

Cylinder — Volume of a cjlinder = (radius)^ x height 

Measure the diameter and height of the C3'hnder in cm and 
decimaL Then — 


height = 3 78 cm 
diameter = 1 56 cm 
radius = o 78 cm 

sq cm 
X 3 7SC.C. 

weight of an equal \ olume of water = 7 26 gm 
Also, weight of c) hnder = 64 54 gm 


area of circular end = (o 78)” x — 

7 

22 

volume of cjlmder = (o 78)' x — 


Hence, relative density of copper c} hnder = 


64 5 4 
7 26 


= 8 88 


Exercises 

Fmd the relatiie density of — 

(1) cubes or rectangular blocks of different hard noods. 

(2) an iron or brass cybnder 

{3) 3 - box Mood ball or a large glass marble. 

^[Volume of sphere = 1 x -y x (radius)® ] 
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I low can uc fiiul the \ohimc of a number of filass stoppers, of 
leaden shot, a he tp of sand, or a bundle of steel scrc\%s? We 
shall describe three methods which ma) be followed in one ease 
or another 

'^(H) SrXOND METHOD USE OF A MEASURING 

J-\R 

i:\PT 4 To find the Relative Density of some 
Glass Stoppers — Weigh a few glass stoppers How can 
their \olume be found ^ Tlicj arc too irregular for it to be 
found b) mensuraiion Ilul we can find how much w iter the 
stoppers can displace in a measuring jar Choosc a mcasunng 
jar, the narrowest into which the stoppers will casil) slide. 
Parti) fill the jar with water, and read the lc\cl Carcfull) slide 
in the stoppers Thcleiclnscs Read again Thus — 


Weight of stoppers = 8o 5 gm 

Volume of water, stopiicrs mit>.iilc - ico c c 

,, ,, ,, „ inside =132500. 


\olumcof sio[>i>crs = 

Weight of an equal \oluinc of water = 

Hence, rclatnc dcnsii) of the glass stopjicrs = 


32 see 
32 5 gm 
i'O 5 

3='S 


= 247 


With what kinds of solids could this method not be used ? 


E\ercisi.s 

Using a 100 c c. ine-asunng jar, find the rclatnc densities of — 

(1) fi\c glass marbles 
{2) fragments of slate pcneil 

(3) liimjK of marble 

(4) a copper cjlindcr 
J (5) sand 

(6) a lump of nlumimum 
J (7) a cork • 

(5) a lump of beeswax, or of paraffin wax 

I Use a "sinter which maj be atuached to the IiKht solid bj a piece of cotton. 
An old brass weight or a glass stopper wall sersx 
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Examples IX 
Relative Densities of Solids 

I Find the relative densities of the follomng metals, given — 

(1) a litre of copper weighs 8950 grams 

(2) 75 C.C of zinc neigh 540 grams 

(3) 676 c c of cork weigh 169 grams 

(4) 300 c c of lead weigh 3 42 kilograms. 

2. A rectangular block of marble measures 24 cm long, 16 cm broad, 
and 10 cm in height, and it weighs lo 368 kilograms Find its relative 
density 

3 A cube of wood measures 8 cm along each edge, and its weight 
IS 307 2 grams Find its relative density 

4. Sohds, weighmg 10, 15, 20 grams respectively, were placed succes 
siv ely in a graduated cyhnder partly filled with water, the surface of which 
read 95 c c. originally When the first was added, the water rose to 
99 C.C , when the second was added, it rose to 106 c c , and when the 
third was added to 108 c a Find the relative densities of the solids 

5 A brass chain weighs 96 grams When lowered into a measuring 
jar already contaimng 100 c.c of water, it raises the water level to 
II2CC. Find Its relative density 

6 A dozen shot, made from lead, of relative density 1 1 4, raise the 
level of water in a measunng jar from 98 c c to 122 c c. Fmd the 
weight of each shot 

7 A shilling weighs 87 grains, and has the relative density 10 4. 
What would be the weight of a platinum com {21 5) of the same size? 

8 Fmd the value of i c c of silver (relative density 10 5), when 
silver is worth zs 6 d per oz Reckon 28 grams = 1 oz 

9 If 1000 oz. of water fill i cubic foot, and cast-iron is 7 2 times as 
heavy as water, find the weight of an iron block 4 in long, 3 in broad, 
and I in high 

10 Find the volume of i cm length of platinum wire (relative 
density 21 5), supposing a piece i metre long to weigh 2 15 grams 

(C)* THIRD METHOD FRAGMENTARY SOLIDS 

The volume of a solid cannot be determined to the tenth of 
a c c by means of a measunng jar But by means of a balance 
we may weigh wrater to a centigram, that is, to the hundredth, of 
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1 cubic centimetre Instcid of noticing iJic nsc of let cl in i 
mcTSuring' jir, uc ma\ find tlic loss of ucight b\ otcrflmv ;ihcrc 
fragments of a solid arc pul tn a rclatixc density flask full of 
water 

' Emt 5 To find the Eelativo Density of White 
‘Sand — Weigh a dr> relative dcnsiiv flask Introduce some 
s ind so that the fl isk is alwut one third full W’cigh again 
Ncarlv fill the flask with water, shal c genth so as to dislodge 
air bubbles allow the ^and to settle, and then carefuli} fill the 
flask w itli w-itcr, iiul introduce the stopper W eigh again 



I astlv wash the sand out of the flask, and weigh u filled with 
water alone 

Then calculate the weights represented in Tig 2 % I, II, and 
III 


Example — 

/•Weight of flask 
} \\ eight of flack + c-vnd 

\ Weight of flvsk ~ cand -e vvatcr, rwo/rc 
W eigtii of flask anil water 

Calculation — 

W eight of flask 
Weight of flask + sand 

W eight of sand 

Again — 

W'eighl of flask + water 

"Weight of flask + water -r sand, outside 


= So gm 

= =554 

— 43 37 1/ 

= 30S0 „ 

= 14 So „ 

= ^84 ,1 

= ot)4 !j 

= 30 So gm 

= 30 So -t- 9-04 
= 4884 gin (u ) 
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But— 

Weight of flask + water + sand, tmtde = 45 37 ) 

Weight of water overfloinng to make room 

for the sand = 48 ^4 ~ 45 37 = 3 47 )> 

Weight of sand 

Relative density of sand = Weight of overflow 


= 9 04 

3 47 

= 2 60 


Exercises 

Find the relative density of — 

(1) powdered glass 

(2) lead shot 

(3) po" dered antimonj 

(4) powdered galena 


I Find the re 


Examples X 
Relative DeneitieB of Solids 


l Find the relative density of sand from the following weights — 
Flask, 25 grams Flask + sand, 35 grams Flask + sand, filled up 
with water, 56 grams Flask filled with w ater, 50 grams 


2 Find the ^relative density of a powder from the follownng 
weights — Flask, 25 grams Flask filled with water, 50 grams 
Flask + powder, 40 grams Flask + piowder filled up with water, 
63 grams 

3 A 100 C.C flask filled wnth water to the mark weighs 125 grams 
When 57 grams of lead arc added, and the water is again adjusted to the 
mark, it weighs 177 grams. Fmd the relatue density of lead 

4. A 100 C.C. flask weighs 25 grams when empty What will it 
■weigh when 30 grams of powdered glass (relative density 3 o) are placed 
mside, and water is filled in up to the mark? 


(D) FOURTH METHOD 

Principle of Archimedes — There is another method of 
determining tlie relative densities of solids, w'hich depends upon 
a fact discovered about 220 b c. by the philosopher Archimedes 
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of Syracuse, It is said that Micro, King of SjTacuse, sent a 
lump of gold to a goldsmith’s to be made into a crown When 
the crown was delivered he suspected that, though of the nght 
weight. It contained nevertheless an undue proportion of sihcr 
So Archimedes w’as asked to find out the truth of the matter 
Turning the matter over in his mind, it is said that he went to 
have a bath, and noticing the rise of the water he jumped out in 
great excitement, and ran naked through the streets of the aty, 

cryang, “Eureka, Eureka, I ha\e 
discovered it!” But suppose we 
make the follow ing cxpenment 
Expt 6 To try whether a 
Sohd weighs the same in 
Water as m Air — (i) Suspend 
a block of aluminium, or some 
other object, from a loo gram 
spring balance, and read its weight 
in air Tlien allow Uic block to 
sink below the surface of water in 
a tumbler, and again read the 
balance (Fig 30) Is not the 
weight of the block m water much 
less than its weight in air? The 
water clearly supports part of the 
weight of the block 

Similarly, w’cigh both in air and 
in water an empty glass bottle and 
a block of wood These ha\e no 
weight in water, or rather the whole 
F'c 30 of their w'eight is supported by the 

water, and therefore they Jloai 

(2) Let us next make an experiment which will show a con- 
nection betw'een the loss in weight of a solid immersed m a 
liquid and the \ olume of the solid Hang up a pair of hand scales 
Take a brass cn'linder which fits exactly into a bucket Suspend 
the bucket under one pan of the scales, w ith the cylinder hang- 
ing underneath the bucket, and within an empty beaker as shown 
in Fig 31, and w'eigh the whole Then add water to the beaker 
until the cylinder is completely immersed There is equili- 
brium no longer. Pour water carefully into the bucket, so as 
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to restore equilibrium, taking care that the cylinder is still 
completely immersed and not touching the beaker How much 
irater have you to add ? At the moment ivhen the bucket is 
filled up to the bnm equilibrium is restored So the cylinder 
when immersed m nater lost a weight which was equal to the 
weight of water which occupied the same volume. The experi- 
ment might be repeated, using turpentine or a salt solution or some 
other liquid in place of water This expenment has venfied a 
fact W'hich IS usually called The Principle^ of. Acchiinedes, 
vjz solid jwhen immersed 
m a liquid losses, a .weight., 

" which IS equal to the wjeight 
df~~tire hquid'~ wlucE^ would 
^cupy the sarqe_ volume 
This is~of great importance For 
instance, it follows that if a block 
of aluminium, which m air weighs 
95 grams, w eighs only 6o grams m 
water, t e the loss of weight is 35 
grams, the \olume of the block 
must be 35 c c We can, m fact, 
volume of any 
be w'eighed m 



readily find the 
solid which can 
w ater 

The Principle of Archimedes 

affords, therefore, a ready method fic 31 

for determining the relalne den- 
sity of any solid which can be suspended and weighed in 
w ater 

Expt 7 To find the Relative 


J-UOXO/UJ. V Density of a Glass 
Stopper —Suspend a solid glass stopper by a thread above 
the left-hand pan of the balance (Fig 32) Place a wooden 
bndge across the pan Place a beaker on the bndge so that 
the stopper hangs freely wathm the beaker Weigh the stopper 
Pour water carefully into the beaker until the stopper is com- 
pletely immersed, and remo%e any air bubbles which cling to 
the stopper wath a camel’s hair brush Weigh it again Thus 
in an expenment — 


Weight of glass stopper in air 
Weight of glass stopper in water 


= I5gm 
= 9 „ 
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C >2 


Ilcncc, lo-is in weight of pKss -^topjicr = ("i gni 

or, wciglil of nn ctjuil \olume of witcr -= o ,, 

Rcl line tlcniitj of glnss stopper = 

- 25 

It IS clcir tint the hst //mi methods for determining the 
relatnc densities of solids cannot he npphed directly in the case 
of one such as cork, which is lighter linn water, or to another 



such as sugar, which will dissohe in water The student is 
referred to other text books for the special methods required in 
such cases 

Relative Densities of some Common Substances — 


Cork 

o 25 

Tin 

7 3 

Oak 

0 S4 

Zinc 

7 2 

Ice 

093 

Iron (cast) 

7 2 

IVhite sand 

2 6 

lirass 

S 4 

Marble 

2 7 

Copper 

S9 

Aluminium 

2 7 

Siher 

10 5 

Gloss (crown) 

2 s to 3 I 

I cad 

11 4 

Sulphur 

2 0 

Gold 

*9 3 

The Earth 
AnUmonj 

5 5 

6 7 

Platinum 

21 5 
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Exercises 

Find Ihe relative density of — 

(1) a sobd glass stopper 

(2) a lump of marble 

(3) a lump of sulphur 

(4) a copper cybnder 

(5) a brass cylmder 

(6) a lump of alummium 

(7) an iron nut, screw, or bolt, or cjdinder 


Examples XI 

Eelative Densities of Sohds 

A gold com weighs 12 25 grams m air, and 1 1 55 grains in water 
Find Its relative density 

2 A lump of marble weighs 20 76 grams in air, and 13 14 grams in 
water Fmd its relativ e density 

^ 3 A lump of sulphur weighs 26 i grains in air, and 13 07 grams in 
vyater What is its relative density ? 

The volume of a glass stopper is 5 77 c.c , and its weight in air 
IS 13 grams Fmd its relative density 

A metal cybnder weighs 64 65 grams in air, and 57 4 grams m 
water Of what metal does it probably consist? 

•^6 If a silver com w'eighs 41 6 grams, and has the relabve density 
10 4, what will It weigh in water ? 

Find the loss of weight in water of a 56 lb cast-iron weight 
(relative density 7 2) 

/S If a glass stopper w eighs 24 grams in air, and 16 grams m spints 
of relative density S, find the relative density of the glass 

9 A glass stopper weighs 30 grams m air, 17 5 grams in water, and 
20 grams m spmts Find the relative density of the spirits. 

10 Find the relative density of a mixture of 100 c c. lead(ii 4) and 
200 c c tin (7 3), assuming that they mix wathout contraction 


CHAPTER VII 


THE MEASUREMENT OF THE PRESSURE OF THF AIR 

The Existence of the Air — We lia\e no difficultj in 
realising the e\istencc of solids and liquids around us It is 
different Mith the air, and at first it is difficult to belic\e that 
there IS an in\ isible substance surrounding us on c\(;ry hand 
Yet the existence of something iniisiblc is at least suggested 
bj the draught from an open Mindou or door, or b^ uaiing 
com and staying branches 

s/ E\pt 1 To show that an “ Empty” Bottle contains 
Air —Take an emptj bottle and force it mouth dounwards into 



Fig 33 


Fig 3^ 


water Notice that the water does not fill the bottle, showing 
that the bottle must contain something whicli opposes the 
entrance of the wntcr Then lilt.lhc. bottle, and notice that 
bubbles escape up through the water, and that only then does 
the water enter the bottle (Figs 33 and 34) 

Such facts help us to realise that we lue in an oce.'m of air, 
whidi extends in all probability to a distance of at least 200 
miles from the earth This em elope of air around the earth is 
called the atmosphere 
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Wc are aware of the pressure of the air in a strong wind, but 
in a room in which the air is at rest we are not conscious of any 
pressure. ^ 

Expt 2 To show that Air is exerting a Pressure 
even when we cannot feel it — Bend a glass tube as m 
35 Pour in some coloured water The water stands at 
exactlj the same height in both arms ^Ihy ^ If w e attach a 
piece of rubber-tubing to the arm A B, and suck out some of 
the air from that arm, what may occur? Try The water 
nses in the arm A B, and 
falls m the other, as repre- 
sented m Fig 36 Secondly, 
blow' in a little air The w ater 
falls in the one arm, and nses 
m the other 

The nse and fall of the 
water in the arm A B shows 
that the air was onginally 
exerting a pressure equally 
upon the surface of the 
liquid in both arms and that 
the pressure of the air in 
A B ^vas diminished when 
air was sucked out, and m- 
creased when air was blow'n 
into it. 

Expt 3 — Place one end of a pipette below the surface of 
some water Apply the mouth at the other end, and suck 
gently As the air is gradually inhaled, the water nses in the 
pipette. 

This suggests that the air is exerting a pressure on the 
surface of the water outside the pipette so that the w ater is 
forced up the tube as soon as the air is partially remor ed from 
the inside, and when the pressure there is consequently 
diminished. 

The action of a syringe or that of a suction-pump can now be 
understood to depend upon the pressure which the air exerts 
upon the surface of a hquid 

Expt 4. — Take a tumbler, or, better still, a gas jar with a 
ground edge, and plunge It into water so that it is completely 
vou I p 
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filled Press a piece of cardboard against the mouth Carefully 
lift the vessel out of the r\ater, mouth dowmwards Note that 
the cardboard remains over the mouth Wliy ? Clearly it is 
held there by some pressure greater than the weiglit of the 
water within the tumbler (see Fig 37) 

Expt 5 — Fit a thistle-funnel m one end of a piece of 
thick rubber pump-tubing Fiv the other end to an air- 
pump Moisten the palm of the hand, and press the mouth 
of the funnel against it Then proceed to exhaust the air 
from the tubing Obsen'e that the funnel is pressed firmly 
against the hand, so that some force is necessary in order to 
remove iL 

It IS clear, therefore, that the air even when quite still is 
exerting pressure, and die fact that no force may be felt upon 
the extended hand anses in the first place from the pressure 

being exerted above and below 
It equally Then why is the 
hand not squeezed flat? Be- 
cause there is an internal pres- 
sure of the blood in the aeins 
and arteries and other fluids 
within the body, greater than 
that of the atmosphere. 

Repeat Expt 5, applying the 
mouth of the funnel to the cheek 
As soon as the pressure of the 
air within the funnel is dimin- 
ished, the pressure wathin the 
cheek causes the flesh to sw ell 
outwards, w'hile the funnel is 
pressed by the air outside against the cheek 
The Pressure of the Air is due to the Fact that Air 
has Weight — We are not conscious of the air haring any 
weight, but b> the following experiment w’e can readily show 
that It can be w eighed 

Expt 6 To show that the Air has Weight — Take a 
round-bottomed flask and fit it with a one-holed rubber stopper 
through which is passed a short glass tube fitted wath apiece of 
rubber tubing and a clip, or, better, with a glass tap (Fig 38) 
Suspend the flask by a string from one arm of a balance, and 
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weigh it Then, leaving the weights on the pan, remove the 
flask, and exhaust some of the air by means of an air-synnge 
Again suspend the flask on the balance, and obseiwe that it is 
now lighter than the w eights Lastly open the tap air is heard 
rushing into the flask, and it is then found to have regained its 
onginal w'eight 

It IS clear therefore that the air has weight As a matter of 
fact I litre of air weighs only i 2 gram But just as the weight 
of one eider-down quilt may be scarcely felt, yet many of them 
one above the other w ould be \'ery oppressn e, so, extending as 
the air does to a distance of at least 200 miles from the surface 
of the earth, it may be understood that 
the \ ery considerable pressure of the air 
at the surface of the earth is due to the 
fact that the air has weight, slight though 
this be. 

Tomcelli, an Itahan physicist, first 
showed in 1643 in the following way how 
to measure the pressure which the air is 
alwajs exerting 

Expt 7 To measure the Pres- 
sure of the Air — Take a thick- walled 
glass tube about 4 mm internal diameter, 
and 90 cm in length Seal one end in 
the blow -pipe flame Holding the open 
end upw'ards, almost fill the tube by 
pouring clean dry mercurj ' into it through 33 

a small funnel Gently tap the tube so as 

to dislodge air bubbles Pass a bubble the length of the tube 
so as to sweep out smaller bubbles Fill the tube completely 
with mercurj' Close the open end firmly with the thumb, and 
invert the tube in a mortar contaming mercury (Fig 39) 
The mercury sinks in the tube, leanng a clear space A B 
at the top of the tube. Tilt the tube if the mercury does 
not nse completelj to the top7 some air bubbles ha\ e not been 
remo\ ed , these must then be displaced bj' ini erting the tube 
again, and gently tapping Measure the length of the mercurial 
column abo\e the leiel of the mercury’’ in the mortar It is 
about 76 cm , or 30 inches From the wa> in which the tube 
I On Management of Mercurj, see Appendix, VoL II 



F 2 
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was set up it seems impossible that the space A B can contain 
any air 

Let us repeat E\pt 7 in another form 

EXPT 8 — Take a thick-ivalled glass tube about 90 cm long, 
closed at one end, and fix a piece of thick rubber tubing about 6 

inches long upon the open end 
Fix a short glass tube open at 
both ends into the free end of 
the rubber tube. Resting the 
closed end upon the bench, 
carefully pour mercurj' into the 
apparatus until it reaches half 
way up the short tube. Sweep 
out air bubbles as before Then 
fix the apparatus upon a board 
as showm in Fig 40 
The level of the mercury in 
the closed arm is again about 
30 inches above that in the 
open arm If Expts 7 and 8 
w'cre repeated with wider or 
longer tubes, the length of the 
mercurial column would still be 
found to be about 30 inches or 
760 mm 

Expt 9 To shoTY that 
A B 18 a Vacutun— (i) 
Tilt the tube used in Expt 7 
graduallj, keeping the unsealed 
end still below the mercurj' in 
the mortar The mercury nses 
Fig 39 in the tube, and finally com- 

pletely fills It (Fig 41) 

(2) Pour some water aboie the mercury in the mortar 
Raise the tube carefullj so that the open end C lies in the water 
The mercuiy’ at once runs dowai, and w ater not only takes its 
place, but completely fills the tube 

It IS e\adent, therefore, that the space A B is free from air 
After the author of the experiment this space is usually called 
the Tomcelhan vacuum 
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I From this and the former experiments it appears that the 
^column of Viet at}}’ B C i>iust be supported by the pi essure oj 
the air on the nicraiiy in the moiiar 

So also it appears that m Expt 8 the column of 
mercury' in the closed arm must be supported by 
the pressure of the air on the mercurj’^ in the short 
open arm 

Expt 10 To show that the Length of 
the Merctinal Column vanes with the 
Pressure of the Air — (i) Connect an exhaust- 
ing air-synnge by thick rubber tubing to the short 
open arm of the 
apparatus used in 
Expt 8 Exhaust 
some of the air 
from the short 
arm the mercury 
immediately falls 
several inches in 
the other arm Re- 
admit air the 
mercury rises to 
its former level 
(2) Connect an 
air condenser in C 
the same way with 
the open end 
Gently force a lit- Fic 

tie air into the 

short arm the mercury is forced right up to the 
top of the closed arm 

Robert Boyle, who invented the air-pump, 
placed the whole apparatus used m Expt 7 within 
the receiver of the air-pump He found to his 
delight that the mercury fell further and further in 
the tube as the air was gradually exhausted, until 
It wxis only an inch or tivo abo\ e the level of the 
mercuiy' outside On re-admitting air into the receiver, he 
found that the mercury' rose to its onginal lei el in the tube 
It IS evident, therefore, that the height of the mercury in 
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the tube above the level outside Is a measure of 
the pressure of the air The instrument was called by 
Robert Boyle a barometer,’ and ever since his time it has 
been in use for this purpose 

"Variations m the Atmospheric Pressure — If we 
imagine the earth to be enclosed in a vast ocean of air, we 
should expect the pressure of the air to become less and less 
as we ascend above sea-lev'el, and this should be made evident 
by our barometer It was shown to be so by Pdrier in 1648 
He ascended the Puy-de-D6me, in the Auvergne Mountains of 
France, and found that the mercury fell about 3 inches The 
barometer even shows that in the course of any railway journey 
there are variations in the atmospheric pressure according to 
the height above sea-lev el 

Further, at any one place, for example at Manchester, the 
barometer shows that vanations occur from time to time in the 
atmospheric pressure These v'ariations anse from the move- 
ments which are continually taking place in our atmosphere, in- 
cluding changes in the amount of moisture present m the air 
Other things being cqual/moist air is not so heav y as dry air ^ 
this may appear strange, ^d it will probably not be understood 
till later Sometimes m a storm the height of the barometer will 
change by as much as i inch within 24 hours 

In the West Indies there are frequently very violent storms, 
during which the height of the barometer will v'arj far more 
rapidly than is the case m the Bntish Isles For instance, at 
St Vincent on September 8, 1898, the barometer stood at ioa.m 
at 29 54 inches, and the wind was blowang strongly from the 
north-east The w md then veered rapidly round, and by 1 1 am 
a hurricane w as blowing from the w est, pow erful enough to uproot 
the largest trees, and at ii 40 the barometer had fallen m 100 
minutes more than i inch, dowai to 28 5 1 inches The wind 
then died away, and there was a dead calm for three quarters of 
an hour, and dunng this time the barometer was quite steady 
At 1225 pm the wind began again from the south, and by 

3 o p ni the barometer had risen to 29 53 inches Dunng the 
day It also rained in torrents between 9am and noon actuallj 

4 9 inches of ram fell 

Note — At this point, pp 170-7 of Chapter XVI II may be 
1 Greek barci^ eight, and tnetren^ a measure 
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taken with ad\antage, showing how to represent m a diagram a 
number of readmgs of a barometer 
A Weather Glass — ^The weather glass showm in Fig 42A, 
which IS frequently seen hungup in houses, contains a barometer 
of the kind showm in Fig 40 On the mercurj' m the short arm 
rests a little float, which wall nse or fall as the level of the mer- 
cury alters This float is connected by a stnng w hich passes 



Fig 42 Fig 42B 


over a wheel with a weight, which is slightly lighter than itself 
The apparatus, as seen from the back, is showm m Fig 42B To 
the wheel is fi\ed a long needle, which is to be seen on the face 
of the apparatus The motion of the float will clear)} cause the 
wheel and also the needle to turn round Numbers are engrai ed 
upon the face of the circle round w'hich the needle can mo\ e, 
And the number to which the needle points shows the height of 



72 


INTRODUCTION TO STUDY OT CHEMISTRY ciiAP 


the mercury in the tube The words ram, change, fau , etc, 
arc also engraved upon the circle 
The Standard Atmospheric Pressure — The average 
pressure, however, at any place on the sea-lesel is represented 
by about 30jnches-orJ760jnm. ol-mercury It is cus- 
tomary, moreover, to regard the pressure which is measured by 
760 mm of mercury as the standard atmospheric pressure In 

other words, the pressure exerted 
by a column of mercurj' 760 mrn 
in length IS cabled _a pressure_of_ 
one atmosphere 

It IS useful to remember that this 
C pressure is about J 47^ Jbs weight 
upon ever)' square inch, or 1033^ 
grams weight upon c\ery square 
centimetre. 

A Water Barometer — How 
long a column of water could be 
supported by the pressure of the 
air? We must find out how long 
a column of water would exert the 
same pressure as a column of mer- 
cury 30 inches in length 
— Expt n To find out how 
many mches of Water will 
balance 1 mch of Mercury — 
Bend a long glass tube into the 
form of a U, and fix it vertically Pour a little mercury' down 
one arm, so as to fill the bend and nse about 2 inches up the 
arms, it stands at the same level in both arms (Fig 43A) 
Then incline the tube, and introduce w-ater by means of a 
pipette into one arm, so that the column of water is between 
13 and 14 mches in length Fix the tube vertically again 
Measure CD, the length of the water column (Fig 43B) 

It IS, say, 13 6 inches What balances this column of 
water? The short column of mercury' EF above the 
level of the mercury in the other arm Measuie EF it is 
I inch 

Thus a column of mercury i inch in length exerts the same 
pressure as that produced by a column of water 1 3 6 inches long 
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Hence, a_colunirLof mei^r\ 30 inches long \mI 1 exert the same- 

pregsut g, as that produced a colu mp rif- t^ ate r 

_^54j(^^Iong The tube of a u-ater barometer-must^heiii ^re, 
be more tham 34lfeeriirleilgth 

''GI\cenneTias ocSsionalh been used as the liquid in a baro- 
meter the tube must be more than e7 _fee t in leng th 

Itos-clear-thaMn-a-umter-or-ghcenne barometer Amnations in 
^ght caused bj Ae changes-in "tlieratmo5phenc'-pressure_^\.lll'’ 
much grater and more e\ ident than in a mercurj* barometer 


Exercises 

I Attach a U-tubc containing water b} means of a rubber tube 
to the coal-gas suppl} AVhat do jou observe^ Can the pressure 
of the gas be measured ’ 

2- Fmd how man) inches of gljcenne will balance r inch of 
mercury 
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FITTING UP APPARATUS 

Nothing is more frequently needed in any laboratory ’ than 
some source of heat If a chemist had no fire or flame at his 
service, he would be able to do % ery little. The alchemists 
generally used some form of furnace In quite modem times - 
coal gas has come into common use, and is supplied m every 
laboratory Is an ordinary bnght coal gas flame suitable for 
laboratory purposes ^ 

Hold a piece of white cardboard for a few moments across 
a bnght gas flame It becomes \ ery sooty If, then, a glass 
vessel were heated m such a flame, it would quickly become 
coated with soot, and it would be difficult to watch the progress 
of what might be going on inside it But it is frequently most 
important to be able to see the contents of a \essel Con- 
sequently, a bright coal gas flame is not a satisfactory source 
of heat, and it would be a \ery great gam to have a flame which 
would not deposit a black curtain of soot upon any vessel heated 
by It A burner which would give such a flame was devised by 
Robert Wilhelm Bunsen, Professor of Chemistry in the Univer- 
sity of Heidelberg A great teacher and a famous investigator, 
he died in 1899, at the npe age of 88 years 
y The Bunsen Biurner — If air be allowed to mix with coal 
gas before it is burnt, a blue flame hotter and smaller than the 
ordinary luminous gas flame results Examine a Bunsen 
burner At the bottom of the tube A (Fig 44) is a collar B 
0\al windows or holes are pierced in the tube and in the collar 

1 Sec Appendix on Laboratory Futings, and Lists of Apparatus and Chemicals. 

2 The streets of London were first lighted with coal gas m 1812 
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Either the tube or the collar can rotate so that these ^vlndows 
can be set opposite to each other, admitting air or alternately 
e\cluding air 

(1) Close the holes Light the gas The flame is yellow 
Bring a piece of w hite cardboard into the flame , it becomes sooty 

(2) Open the holes The flame becomes blue Hold a piece 
of cardboard m it It becomes brown and singed, but not 
sooty Hold a match 
across the flame about 
one inch above the tube 
The wood is burnt in two 
places, shomng that there 
IS an inner cooler region 
Try whether you can in- 
troduce a match head 
into the middle of the 
flame without lighting it 

Is the blue flame hotter 
than the yellow flame ^ 

Yes Does closing the 
ivindows make any differ- 
ence to the steadiness of 
the flame? Yes, the yel- 
low flame is Uller, and 
much less steady 

(3) Light the burner 

with a blue flame. The 
tube contains a mixture 
of gas and air Press Fiti 44 

gently upon the rubber 

gas supply tube, making the flame smaller and smaller Suddenly 
the flame wall shoot down the tube, and it will be seen burtiing 
belmu Notice the cunous smell Light the burner at the top 
The flame is yellow, although the holes are open Any attempt 
to turn the tube w'lll now lead to burnt fingers, since the inner 
flame makes the tube \ery_hot It is better to turn the gas out, 
and then light it again 

Wflien a very small flame is required, the supply of air should 
be reduced as well as the coal gas 

Glass IS useful to the chemist on account of (i) its trans- 







76 INTRODUCTION TO STUDY OI CHEMISTRY chap 


parency, (2) the ease with which it can be worked into any 
shape when hot and phstic, (3) its not being attacked by most 
chemicals Its disadvantage is its brittleness It is particu- 
larly liable to break on heating, because it is a bad conductor of 
heat, and therefore one part of the glass expands on being heated 
before neighbouring parts become w’arm 
To Uliistrate the Liabihty of Glass to Crack when 
Heated. — (i) Heat one end of a thick, hard glass tube m the 
flame of the foot-blow pipe. The glass cracks before the fingers 
feel the heat 

(2) Warm another piece of glass tube \ery graduall) Then 
pour cold water on it It cracks 

(3) Fill a test tube one-third full of water Hold it in the 
flame so that the flame plays on the glass near the water line 
The tube cracks 

To Boil Water in a Glass Vessel —(1) Tiy- again to 
W’arm water in a test tube, as follows Bend a doubled stnp of 
paper back on itself round the upper part of the tube, and hold 
the tube by the paper Let the flame play on the bottom of the 
test-tube. Shake the tube gently so as to keep the water dancing 

up and dow n the sides of the tube, and 
so warm them gradually The ivater 
boils without accident 

(2) Place a piece of iron lutte gausc 
on a tnpod-stand, or on a ring of a 
retort stand Place a glass beaker or 
flask containing 50 cc water on the 
gauze. Put a Bunsen flame under 
the gauze The gauze distributes the 
heat over the bottom of the \essel, 
and the water can be heated until it 
boils w ithout accident 

(3) Place a little sand in an iron 
tray, and put the tray upon a tnpod stand (Fig 45) Place a 
beaker containing 50 cc w’atcr upon the sand, and heat the tray 
wnth a Bunsen burner The heat is distnbutcd by the sand, so 
that the beaker can be heated safely until the water boils 
Obser\ e that the water heated over w-ire gauze boils in much 
less time than that heated on the sand 

The tray containing the sand is called a satid-bath 
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To Make a Wash-Bottle 

It will generally be possible to fit up for oureelves the ap 
paratus required for our experiments We shall require gl^s 
flasks, corks, glass tubing, and india-rubber tubing, and some 
knowledge of how to use them 

Suppose we learn in the first place how to make the apparatus 
shown in Fig 46 This is called a luash-bottU It is useful 
for sending a stream of water in any desired direction By 
blowing at if a jet of water 
spurts from f, and the 
india-rubber connection e 
allows of the water being 
sent m any direction We ^ U 

shall require an 8-oz flaslc, 
a cork, about 50 cm of glass e// 

tubing, and a small piece of /y P ' ^ f // 

rubber tubing " J ’ ^ 

Tlie cork (wooden) select- ^ j // 

ed must be just too large 
to fit mto the mouth of the 
flask. It can be made to / V 

fit the neck by rolling and y 

squeezing it under the foot / 

Begin gently, turning it / \ 

round and round, and press f \ 

harder and harder The 1 

cork now fits well into 

the neck of the flask, and cr::^ 

being somewhat elastic 
presses tightly against the Fio 46 

glass all round 

An mdia-nibber stopper may be used instead It should fit 
the mouth easily, since it will be enlarged when the glass tubes 
are passed through iL 

y To bore a Cork.— (1) A hollow brass tube sharpened at 
one end may be used, called a cork-borer Choose one a little 
narrower than the glass tubes which are to go tlirough the cork. 

be made. Stand the cork on the table, narrow end up Keep the 


Fig 46 
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borer carefully upnght Drive it gently into the cork with a 
screw motion, half a turn at a lime, pausing to see that it keeps 
upnght Along with a set of cork-borers is supplied a little 
solid brass rod, which can be used both to press the core of cork 
out of the borer and as a handle to turn the borer round (The 
borers will require sharpening penodically ) 

(2) Or, heat the end of a rat-tail file in a flame Dnve it 
gently through the cork. Enlarge the hole ivith the file, but 
take care that this is done evenly, so that the hole remains 
round It should not be made so large that the tube fits loosel> 
into the hole 

To out Q-laes Tubes — Take a sharp tnangular file. Make 
a nick m the glass tube about 15 cm from one end Hold the 
tube in both hands The two forefingers should be together 



immediately underneath the nick The tw o thumbs are abo\ e 
Turn the wrists outwards and downwards, round the forefingers 
as axes, at the same time pulling the hands apart (Fig 47) 
The glass cracks clean across 

To bend Glass Tubing — Hold a piece of glass tubing 
lengtbwase along ay 7 a/ gas flame, as shown m Fig 48 (fishtail 
or batswing, not the Bunsen flame) Keep it moiing slowly 
round and round, and also to and fro As soon as it feels slightl) 
soft, hold It by one hand alone, and cease rotating it The free 
end will gradually fall (Fig 49) As soon as it is bent to the 
required angle, remove it from the flame A considerable length 
has been e\enly heated, and a smooth bend has resulted Now' 
cut two lengths of 15 cm and 25 cm , and bend them at angles 
of 135^ and 45° respectn ely, as showai m Fig 46 


vni 


FITTING UP APPARATUS 


79 


Mistakes to avoid m bending G-lass — (i) Hold a piece 
of glass tubing across the blue Bunsen flame It becomes ot 




Fig 49 


in two places ^^Tlen soft, bend it. The glass is found bent m 
two places (2) Hold a piece of glass tubing across an ordinary 
flat gas flame The tube is heated this time m one place 
Bend it The tube is flattened on the outside of the bend and 
thickened on the inside \\'hen cold, tr)' to bend the tube It 
snaps easily at the bend 

To round the Ends of G-lass Tubmg —The sharp edges 
left at the ends of the glass tubing must be rounded, otheni ise 
the tubes iviU not slide easily through corks, and are apt to cut 
any rubber tubes that are slipped over them Round the ends 
of the tubes just nrade — (a) by grinding the sharp edge on a file 
or on a stone floor, (6) by holding the end in the edge of the blue 
flame, at a point about tw'o-thirds up the flame, as shown in 
Fig 53, until the glass just melts at its edges 
To draw out Glass Tubmg — 

(i) Holding a piece of glass tube in both hands, heat it at 
one place in the Mue Bu7isen flame. Remove it when soft from 
the flame and pull 

The tube is drawn a little at A (Fig 50) At B it is pulled 


e 

Fig 50 




out much finer, because it happens to be hotter, and it has 
broken there because the pull was too hard The lump C was 
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in the cooler central portion of the flame, and never became 
properly heated 

(2) Heat another tube m a flat Jlame, holding it lengthmse 
and turning it slowly round and round Pull the two ends 
apart There is no lump, because the tube w as heated evenly, 



Fig si 


but the finely drawai out tube has softened at once, and is bent 
down (Fig 51) 

(3) Heat another tube as in ExpL 2 until the tube feels 
limp in the fingers Remove it from the flame Draw slowly 
at first, then more quickly, but gently rotating each end until 
the hands are wide apart Hold it ngidly for a few seconds, 
until the glass stiffens (Fig 52) The glass is now drawn out 
perhaps a yard long or more Cut the tube w-ith a very sharp 
file gently at A and B Notice how elastic this section A B is 
It can be bent nearly to a circle. If bent too far, it snaps, and 
the pieces spnng back straight again Dip the end B into 
water, and blow at A Bubbles anse Dip another piece of 
this fine tube into an inkpot, and note the result Then, A B is 
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reallj hollow all through The end A C can be used for the 
wash-bottle jet The verj'' narrow tube A B is Ccalled “capillary 
tubing ” (Lat captlla, a hair) 

The foot blowpipe flame is better th.an a flat flame for 
drawing out glass tubing 

To narrow or close an End of a Glass Tube —Incline 
a glass tube 20 cm long downwards at an angle of 60°, and 
hold the lower end in the edge of a Bunsen flame at a point 
about two thirds of the height of the flame, as shown in Fig 53 
The edge becomes red-hot, fuses, and gradually contracts 
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ReIno^ e the tube from the flame before it is quite sealed up 
Cut the glass about 4 cm from the end This portion can be 
used for the u-ash-bottle jet 

Hold one end of the remainder of the tube for a longer time 
.n the flame, and close the end entirely 
Rubber tubing sometimes becomes stiff when not m use 
Warm gently and pull it about , it soon softens Cut off a piece 
an inch and a half long for future use. If a rubber tube is too 
mde for a glass tube, it can be made to fit 
by doubling it back on itself 
To fit together the Wash-Bottle — 

Moisten the end a of the long tube a ^ (Fig 
46) Push the long tube through the cork 
iwth a zig-zag screw motion Hold the tube 
near the cork, and avoid holding it at the 
bend nhere it might break and cause a 
nasty cut in the palm of the hand d 
in the cork also Now fit the cork into the 
bottle. The end a should come nearly to 
the bottom of the flask, but not so near as 
to risk touching it 

Note. — ^Tubes should never be pushed 
into corks when they are fixed in the mouths 
of flasks , nor should corks be fixed in the 
necks of flasks when the flasks are standing 
on the bench , hold the flask in the left S3 

hand. 

To test whether the Plaak is Air-tight —Close the 
glass tube at e and blow at d Does the air hiss out through 
the cork ? Again closing e suck at d The tongue is sucked 
back, and held at the end of the tube Attach the jet c 
by means of the rubber tubing If the flask is now filled 
(v'lth water, it is ready for use 
To use the Wash-Bottle — 

(1) Blou, at A fine jet of water issues from c 

(2) Invert the bottle. A large stream of water issues from d 
It IS often well to keep the bottle filled with distilled water If 
a supply of hot water is required, the bottle can be heated over 
a name upon mre gauze, 

AOL- I 
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Laboratory Rules, if not provided by a teacher, should be made 
by the student for himself — 

1 Each boy must use his oivn apparatus and work at his own place 
Experiments, calculations, or notes must not be made at the bench 
reserved for balances 

2 Clean apparatus, and put it away in its proper place as soon 
as done with 

3 Bench, drawers, and cupboards must be left clean and in order 
Test lubes must be left clean, and half full of water 

4. Solids matches, filter paper, rubbish) must not be thrown 
into the sink, but be put into the refuse pan 

5 Never pour strong acids down the sink Dilute them with 
water before throwing them away 

6 Stoppers must not be left out of their bottles on the bench, 
but be replaced 


Exercises 

Working of Glass Fitting up Apparatus 

I Cut a tube 10 cm in Icrgtli Round the edges Bore a cork 
to fit the lube lightlj Piss the tube through the cork 




2 Prepare tubes as follows — 

a tube 15 cm long lient at 120° m the middle 
>» 15 1 ) n )y 91^ »> J* *» 

jj 15 J) >> »» ^ »» »* J» 

,, 40 ,, ,, ,, into an equilateral triangle. 



VIII 


FITTING UP APPARATUS 


83 


3 Cut a tube 40 cm long Bend it at nght angles near one 
end, and at 60° near the other end, taking care that both bends are 
m the same plane 

4. Cut two lubes 10 cm long Round their edges Bore two holes 
through a cork to fit the tubes Fi\ the tubes through the cork. 

5 Cut a tube 25 cm long Draw it out near one end, and cut it 



in two The shorter pieces can sen e as w'ash-bottle jets, the longer 
ones can be used as pipettes. 

6 Practise pulling out glass tubes to full arms’ length Break up 
the capillary tube so formed into 6 inch lengths, and sai e them 

7 Fit up the pieces of apparatus shown in Figs 54, 55, and 56 


CHA.PTER IX 


CHANGE OF STATE — LIQUEFACTION AND SOLIDIFICATION 


We are acquainted with many different solids and liquids 
What is the effect of heat upon them? 

Many solids are changed into liquids by heat, 
which sohdify again on cooling 
Expt 1 — Place some powdered sulphur in a test-tube 
Heat very gently in a Bunsen flame. The sulphur quickly 
melts, and forms a yellow liquid The liquid becomes thick 
like treacle, and of a dark red colour Then it becomes more 
liquid again, and begins to boil Let it cool The liquid 
quickly solidifies again, forming a solid cake of sulphur 
E\pt 2 — Place a lump of paraffin wax in a test tube, and 
heat It gently m a flame. The wax melts very quicklj’, and 
forms 1 clear liquid Let it cool The liquid is quickly changed 
into an opaque white solid mass 
Expt 3 — Place a few pieces of tin m an iron spoon Support 
It on a tnpod Heat in a good Bunsen flame The tin melts 
completely Skim off the earth-hke dross on the surface of the 
molten metal with an iron file Pour the liquid in a thin stream 
into a mortar full of water It is converted into a bright crumpled 
mass of the solid metal again 


Exercises 

Describe the effect of heat and subsequent cooling upon the 


following substances In each case 
substance before beating it. 

(1) sealing wax 

(2) shellac. 

(3) vaseline 

(4) bees’ wax 

(5) material of a stearm candle. 


descnbe the appearance of the 


(6) lend 

(7) zinc ' 

(8) copper 

(9) common salt 
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A further evanunaaon of the effect of heating metals in ihe air 
and of the dross that appears upon the surface of molten metals 
Mill be made in Volume II Chapter II 

Let us study one particular case more fully 

EXPT 4. The Effect of Heat upon Ice —Break some 
ice into small fragments, the smaller the better Pack them 
into the lower half of a wade beaker Plunge a thermometei 
into the mass The temperature is 
O' C Warm the beaker on ware 
gauze over a \ erj' small flame, and 
stir the mass continually wath the 
thermometer, occasionally remotang 
the flame for a few seconds Read 
the thermometer frequently The 
ice rapidly melts Although so much 
heat is added, nevertheless the tem- 
perature remains fixed at 0° to 1° C , 
until the whole of the ice is melted 
Only then does the temperature 
begin to nse, and contmue to do so 

It IS evident that while ice is 
being liquefied fw rise of tempera- 
ture occurs In other words, the 
change of state takes place at a 
definite temperature. This tem- 
perature IS called the melting 
pomt of the ice 

Othersubstances behave similarly 
to ice, and we may now proceed 
to determine in a simple way the 
meltmg points of some of them Fig 57 

■ ^ "^^Expr 5 To find the Melt- 

mg Pomt of Paraffin W ax. — Take a narrow glass tube 
Close one end by' holding it in a flame. Introduce some small 
panicles of paraffin w'a.x to a depth of about o 5 cm Attach it 
to a thermometer by means of a thin slice of rubber tubing so 
that the wax is opposite the middle of the bulb Support a 
beaker, of about 100 cc. capacity, half-filled wath water, over w ire 
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gauze on a nng of a retort-stand Place a glass stirrer, b, inside, 
the end of which has been bent into a circle at right angles to 
the stem Support the thermometer so that its bulb is in the 
centre of the water (Fig 57) Heat gently, stirring constantly 
As soon as the paraffin wax melts, read the temperature 
Probably you have been too late, and the reading is too high 
Allow the water to cool slightly Take a fresh capillary tube 
containing paraffin wax and ascertain the exact melting point, 
removing the flame from time to time, and stirring thoroughly, 
so that the temperature rises very slowly Read to the nearest 
degree. 


Exercises 1 

Find the melting points of (i) iodine, (2) naphthalene, (3) wishing 
soda, (4) Glauber’s salt, (5) sulphur, (6) “hypo,” (7) phenol 

We have found that different solids melt at different tempera- 
tures Usually, moreover, the melting point is in each case very 
definite Pure sulphur, for example, has a well-defined melting 
point Impure substances, on the other hand, do not melt 
entirely at one temperature, but gradually through a range of 
temperature Hence, use may be made of melting points in 
order to distinguish and identify substances, and to detect the 
admixture of foreign ingredients The melting point is indeed 
one of the best defined of physical “constants ” Here are a few 
melting points 


Table of Melting Points 


Platinum 

1770° C 

Naphthalene 

79 ° 

Gold 

1062° 

Paraffin, about 

54 ° 

Copper 

1054° 

" Hypo ” 

48“ 

Sih er 

961° 

Washing soda 

34 ° 

Common salt 

85 c 

Butter, about 

33 ° 

Zinc 

419° 

Glauber’s salt 

32 ° 

Lead 

326“ 

Ice 

0° 

Tin 

233° 

Mercury 

- 39 ° 

Sulphur 

115° 




1 it will be found necessary to use strong sulphuric acid in place of water in the 
case of lodmc and sulphur 
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Iiatent Heat of liiq-aefactioii.— We found that -n-hile 
ice was being melted no nse of temperature occurred, m spite of 
the addition of so much heat In a similar wa\ heat apparentl} 
disappears while any other solid is being changed into a liquid 
This heat which alters the state of a solid but does not raise its 
temperature, and nhich therefore apparentlj disappears, nas 
first investigated b> Dr Black of Edinburgh about the ^ear 
176a The question maj' be asked, whether, when such a liquid 
IS reconv erted into the solid state, the heat mil become sensible 
again. 

ExPT 6 To find whether Heat is given out when 
a Liquid solidifies — ^Take some ciystals of a substance 
known to the photographer as “h>-po," and to the chemist as 
sodium thiosulphate. Put them m a perfectlv dean flask. Heat 
gentlj, until the crvstals are completely melted Introduce a 
thermometer Place a plug of cotton-wool m the neck of the 
fiasE Allow to cool in a quiet place. Then remoi e the plug, 
and introduce a small crystal of sodium thiosulphate. The 
liquid quickly solidifies At the same time the thermometer 
rises manv degrees, and the flask becomes quite hot. 

It is evident then that the heat, which apparently disappears 
when a solid is liquefied, can be recovered if the liquid be 
agam caused to solidifj Hence the heat is said to be hidden 
or latent, and it is usually spoken of as latent heat of 
hquefaction. 

‘ Freezang Mixtures —.Advantage is taken of the feet that 
heat becomes latent m the hquefection of any substance to pro- 
duce “fteeimg mixtures ” For, supposing the hquefaction of a 
substance is induced to take place, and j et no heat is supplied 
from anv external source, the heat which must be absorb^ m 
the process of liquefaction wall be taken out of the substance 
Itself or out of anj-thmg m contact with it, and a considerable 
fell of temperature may ensue. For instance, if i part of common 
salt IS mixed mtimately vvith 4 parts of piounded ice or snow, the 
mass hquefies, because the freezmg pomt of hnne is far belov 
that of water Hence, at the temperature of the experiment, 
the mixed materials ought to be liquid But in order to hquef}* 
thej must absorb heat- Thev, fiierefore sacrifice their own 
temperature m order to get this heat, and the temperature sinks 
to about — 22" C. 
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Problems 

Find whether freezing mixtures can be made from — 

(1) Glauber’s salt and strong hydrochloric acid 

(2) Ice and crystallised chloride of calcium 

(3) Salt and water 

(4) Sal ammoniac and water 


CHAPTER X 


CHANGE OF STATE— VAPORISATION AND CONDENSATION 

We have found that many solids are changed into liquids by 
heat What is the effect of heat upon liquids ? 

Many liqmds are changed into vapours by heat, 
•which hquefy again or sohdiiy on cooling 

Expt I — Place a few crystals of iodine m a test-tube Heat 
the end of the tube very cautiously, holding the tube nearly 
level Some of the iodine melts, but at once heavy violet 
vapours are given off A dark deposit forms on the upper and 
cooler part of the tube Examine it carefully Crystals of 
iodine have been formed The luolet vapour of iodine when 
cooled has become solid iodine again The vapour is said to 
be condensed Finally, all the iodine disappears from the 
bottom of the tube 

Expt 2 — Place a drop of mercury in a test-tube Heat it 
carefully m a flame, holding the tube nearly level A mirror of 
minute globules of mercury is soon seen upon the upper and 
cooler portion of the tube, although there is no nsible vapour 
Then the mercury boils, and the globules grow larger as the hot 
iniisible vapour is cooled and condensed, and some of them 
may roll dorni and again be vaporised 

Expt 3 — Heat some water m a flask over wire gauze A 
rolling vapour is soon seen mthin the flask, and a dew is formed 
on the cool sides of the flask Bubbles have appeared on the 
bottom of the flask, and some small ones may ascend through 
the water The bubbles grow larger, and more and more reach 
the surface of the water, which is at last completely broken up, 
and a white cloud of ‘^sfcam” is seen at the mouth of the flask 
The water is then said to doil Nothing is now seen in the 
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flask above the w ater The white cloud consists of tiny drops 
of water—" water-dust ” it has been called — condensed by the 
cold air from the invisible water \apour 

In all these three expenmcnts liquids are found to change 
into \apours, and then on cooling into the same liquids again 
The s^afc of each substance is changed, but there is no change 
in the j/z^/Tof which each consists The solid iodine, for instance, 
IS changed into liquid iodine, and this into the vapour of iodine, 
and the iodine \apour back to the solid 
iodine again , the substance is all the 
time lodtttCj it is not changed into a 
different substance , only its state is 
altered Such changes arc called 
physical changes 

Let us study one case more fully — 
Expt 4 To find the Temperature 
of the Vapour from Boihng Water 
— Take a large flask containing some 
water, and fit it with a cork File two 
grooves dowm the side of the cork, and 
pierce it with a hole, through which a 
C thermometer can be thrust, so tint 
Its bulb is just above the surface of the 
water Place the flask on wire gauze, 
and heat it (Fig 58) As soon as the 
waiter boils, and steam is issuing freely 
from the mouth of the flask, read the tem- 
perature SL\ times at inten als of about one 
quarter of a minute. Does the tempera- 
ture nse ? No, it rematns at about 100 ’ C 

Thus the change 01 state of water to the vapour of water 
occurs at a definite temperature, \iz. 100° C This is called the 
boihng point of water 

Is tlie same true ot other liquids^ Does each possess a 
definite boiling point? 

Expt 5 To find the Temperature of Boihng Ohloro 
form.' — Take an 8 oz flask Support a dry test tube within it 

1 Suggested by H P Higblon in Pracitcal Quantitatwc Anafyfis (trOngmtuis), 
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either by the neck of the flask, or if this is too large by a cork 
Pour chloroform into the test-tube to a depth of about 2 cm 
Add cold water to the flask, so that the test-tube just dips into 
the water Place the flask on wire gauze, and fix a thermometer 
in a clamp, so that the bulb is within the test-tube, and just 
abovethe surface of the chloroform (Fig 59 ) See that it does not 
touch the side of the test-tube Place a small flame underneath, 
and drop two or three grains of sand into the chloroform, which 
will help It to boil evenly As soon as the chloroform begins to 
boil vigorously, remove the flame, 
and read the thermometer five or 
six times The heat of the Nrater 
IS sufficient to keep the chloroform 
boiling What is the boiling point 
of chloroform ? About 60^ C 
Different liquids are thus found 
to boil at different temperatures 
Moreover, w'hen a liquid is pure, 
the boiling point is usually very 
definite and readily detennmed 
Hence, it should be noted if possible 
in the case of every pure liquid 

•^Tabll of Boiling Points 


Sulphur 

440° C 

Mercury 

357“ 

Toluene 

rio° 3 

Water 

100° 

Benzene 

80° 4C 

Alcohol 

78 ° 3 

Chloroform 

60° 2 

Ether 

35° 



Let us repeat the vaporisation of w'ater in another way, so as 
to collect the condensed water 

Expx 6 The Distillation of Water— (i) Take an 8 oz 
flask, a, and half fill it with water Introduce a few pieces of 
broken glass or of clay pipe. Take a piece of glass tubing 
about 80 cm. long, and bend it about 10 cm from one end, as 
showm Fit the tube to the flask by means of a cork. Support 
the flask on ware gauze upon the rmg of a retort-stand. Place 
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the other end of the glass tube within a flask, b., underneath a 
tap of cold trater fFig 6o) Heat tl\e flask As soon as the 
\\ater has begun to boil, the steam passing down the tube is 
condensed on its cold surface, and when the glass tube becomes 
very hot, in the other flask 

The condensation of the steam, and the collection of the 
water produced, is spoken of as distillation Taste the \vater 
It IS flat and insipid 

(2) The following is a better apparatus for the distillation of 
water Take a flask, and fix in its neck by means of a cork a 



thermometer and a bent glass tube, as shown in Fig 61 Take 
also a “ Liebig’s condenser,” which consists of a long narrow 
tube, the central portion of which is surrounded by a wader tube, 
so tliat cold water can be circulated betw-een them Select a 
cork which fits the tube of the condenser Fix the cork on the 
tube in the flask. Place some w'ater and a piece of clay pipe in 
the flask Then, supporting the flask upon wire gauze, connect 
It with the condenser Circulate cold -water through the con- 
denser Heat the flask When the water has begun to boil, 
the vapour, passing the bulb of the thermometer and down 
the tube, is completely condensed on the cool surface of 
the tube. Collect m a flask the water thus condensed 
Meanwhile read the thermometer It stands constantly at 
100° C 
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Non-Volatile Laqiuds — Some liquids cannot be distilled, 
or converted into vapours which will jueld the same liquids 
again w'hen cooled 

Expt 7 Olive Oil cannot be distilled. — Half fill a small 
retort ivith olive oil Fit a thermometer m a tubulure, so that 
the bulb IS m the oil Introduce the neck of the retort into a 
small flask. Heat the retort over wnre gauze. Obsen^e that 
the temperature nses continually higher and higher As soon 
as 300" C IS reached, remove the thermometer, and replace the 



stopper of the retort Heat further After a time vapour ,s at 

l.qu.d t m ns' 

Notice the odour of the liquid m the receiver"“?ns t e'ry^cnd 
Md clearly not that of unchanged olive oil Indp7rl ’ 

St ' t 
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Exercises 

1 Fmd the boiling points of — 

(1) turpentine 

(2) benrene. 

(3) pure alcohol 

(4) toluene 

2 Distil a mixture of 100 c c. n-ater, with lOO c.c methylated spint 
m the apparatus of Fig 61 Read the temperature of the thermometer 
every minute Collect the distillate in separate samples of about 25 c.c. 
each Find the relative density of the first and last samples. 
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CHANGE OF ST\TE — THE EVAPORATION OF WATER AND OF 
OTHER LIQtHDS 

The Evaporation of Water— We are often, perhaps, 
inclined to suppose that it is only when water is boiled that 
It IS converted into vapour Yet this is far from being true. 
Wet clothes become dr)' when hung in tlie open air, particularly 
on a Mindy day, and the puddles m the road after ram are' 
quickly dned up in the sunshine The quiet and invisible - 
passage of a substance from the liquid to the gaseous state at 
all temperatures is called evaporation 

So large a part of the surface of the globe is covered mth 
water, in sea, n\ er, or lake, that an enormous amount of eva- 
poration is alw ays going on It is evident, therefore, that the 
air must always contain a ver)' large amount of aqueous 
\ apour 

But IS there any limit to the amount of aqueous I'apour which 
the air may contain, and what conditions affect the rate at 
which evaporation proceeds? We must now search for answers 
to these questions 

Valuable information about the evaporation of liquids can be 
obtained by mtroduang them into the Tomcelhan vacuum of a 
barometer tube 

' Expt I The Evaporation of Water in a Vacuum — 

" dry glass tubes, A and B, each sealed at one end, 

with warm drj mercur)', and invert them in a trough of mercury 
(Fig 62) Introduce a drop or two of water into B under the 
mercury b) means of a pipette, C, with a curved end The 
water, being lighter than the mercur), rises to the surface in 
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the tube The mercur> column at once falls a considerable 
distance This cannot be due to the ueight of the drop of 
water Observe closely the top of the mercury column The 
drop of water has nearly or entirely disappeared The water 
has then evaporated verj’ rapidly in the vacuum The 
depression of the mercurj' must be due to a pressure which the 
invisible aqueous v.apour is exerting, m the same way that air 
exerts a pressuie 

Supposing we introduce some more water, wall the mercurj' 

sink further? We must test this 
by experiment Add a few more 
drops of water, so that a little w ater 
rests upon the top of the mercurj 
column The mercurj docs not 
sink any further after this, even 
though two or three drops of water 
are added Measure the difference 
in level of the mercurj in the two 
tubes This difference measures 
the pressure which the aqueous 
vapour IS exerting 

From this experiment it appears 
that (the temperature remaining 
unchanged) — 

(1) Water evaporates V erj rapidly 
in a vacuum 

(2) It is not possible for an un 
limited amount of water to evapor- 
ate into a given space, but onlj a 
certain maximum amount The 

space is then said to be saturated 

(3) When water is allowed to evaporate into a giv en space, 
the aqueous vapour exerts a pressure, but this pressure cannot 
exceed a certain maximum 

\Vhat wall be the effect of an increase in temperature upon 
the aqueous vapour pressure? Gentlj warm the upper end of 
the tube containing the water vapour wath the hand, and then 
with a Bunsen burner The mercury sinks still further 
Hence — 

(4) As the temperature is gradually raised, the pressure 


A B 
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exerted by aqueous vapour is also increased Can we measure 
the pressure corresponding to any particular temperature ? 

^ Dalton’s Experiment for measurmg the Pressure of 
-Water Vapour — ^John Dalton iras the first to carefully study 
this subject, and his own account of his expenments may be 
quoted — 

“I take a cylindrical glass tube open at both ends, and of 
tn o inches diameter and fourteen inches in length, to each end 
of which a cork is adapted, per- 
forated m the middle so as to 
admit the barometer tube to be 
pushed through and to be held fast 
by them , the upper cork is fixed 
two or three inches below the top 
of the tube, and is half cut an ay 
so as to admit n ater, &.c , to pass 
by. Its sennce being merely to keep 
the tube steady Things being thus 
circumstanced, water of any tem- 
perature may be poured into the 
wide tube, and thus made to sur- 
round the upper part or vacuum of 
the barometer, and the effect of 
temperature m the production of 
vapour within can be observed from 
the depression of the mercurial 
column ” 

The expenments previously de- 
scnbed show that w ater evaporates 
at ordinary temperatures below 
ioo° The pressure of such vapour Fig 63 

formed at temperatures below 100° 

IS often called aqueous vapour pressure, while the pressure 
exerted by the vapour ansing from boiling water is commonly 
spoken of as steam pressure The term sieam^ as commonly 
used, means either the vapour arising from boiling water, or else 
aqueous vapour out of contact of water heated to temperatures 
above 100° 

The following table show s the pressure of aqueous vapour for 
vanous temperatures, measured in millimetres of mercurj', that 



1 
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IS to say, by the number of miUimctres of mercury' through 
which the aqueous vapour at each temperature w ould depress a 
column of mercury 


Pressure of Aqueous Vapour 


Temperature. 

Pressure, 

Tempetnture. 

Pressure 

o" 

4 + mm 

40" 

54 + mm 

5 

6 + 

60 

I4S + 

10 

9 + 

So 

3 S 4 + 

15 

12 + 

90 

525 + 

20 

17 + 

100 

760 + 


Saturated and Unsaturated Aqueous Vapour — W c 
have seen that if v ater be placed in a closed \ essel the v ater 
evaporates very quickly if the \ essel is \acuous, but that there 
IS a certain maximum pressure corresponding to any given 
temperature which cannot be exceeded If the \ essel contains 
air, It IS found that the only difference is that the evaporation 
is slow'er gradually the maximum pressure corresponding to 
the temperature is attained, and cannot be exceeded In either 
case the air is said to be saturated with aqueous lapour 
Bncfly', then, at any definite temperature tlie air is capable of 
taking up only a fixed amount of aqueous \apour 

Suppose the temperature of air which is saturated with 
aqueous vapour be reduced, what will be the consequence ? At 
the reduced temperature the maximum vapour pressure is less 
than at the onginal temperature. Hence some of the aqueous 
vapour wll have to be parted with What can become of it ? 
Will It not be condensed as water or dew’ again ? 

We arc really w^ell acquainted with many instances of this 
In a hot room there may’ be a large amount of aqueous vapour, 
yet not suffiaent for it to be saturated Close to the windows 
on a cold night, however, the temperature of the air w'lll be 
greatly reduced, so that there will be more than sufficient 
aqueous vapour present for it to be saturated, and as w e know 
a heavy dew will be deposited upon the cold glass So also the 
dew often found in the morning on the grass, and on the surface 
of leaf and flower and cobw eb, comes from the cooling of the air 
around them to such a temperature that the invisible aqueous 
vapour IS in excess of that which can be contained m the air at 
this temperature, and it is therefore deposited. 
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Expt 2 To show the Deposition of Dew from the 
Air of the Room — Make a freezing mixture with Glauber’s 
salt and hydrochlonc acid in a test-glass Notice the deposition 
of dew on the outside of the glass 

If air containing aqueous vapour be slowly cooled, tlie tem- 
perature IS sooner or later reached at which the air is saturated 
with vapour The deposition of dew will begin at this tempera- 
ture, and it IS this temperature which is called the dew- 
pomt 

The “dew-pomt” is the temperature at which the 
aqueous vapour actually present m the air is 
sufficient to saturate it 

^ The Boihng' of “Water — In tlie above table the number 
760 mm , representing the pressure of aqueous vapour at 
100° C, shons that the picssttie of aqueous vapour at 100° ts 
equal to the nomml aimosphertc pt essttre Now it is exactly at 
this temperature that water evaporates in that rapid and violent 
nay which we speak of as the bothttg of water This suggests 
that a liquid boils at a temperature such that the pressure of its 
vapour at that temperature is equal to the pressure of the 
atmosphere. How do experiment and experience bear this 
out ? 

If this be so, It follows that water should boil on a mountain 
at a lower temperature than at the sea level, for on the top of a 
mountain the atmosphenc pressure is less than at sea level 
This conclusion is borne out by Professor Tyndall’s discovery 
that on the top of Mont Blanc water boils at 85°, or 15° below 
the temperature at which it boils at the sea level Indeed, for 
every 600 feet above sea level the boiling point of water is 
found to fall about 1° F But w’e do not need to ascend a 
mountain in order to alter the boihng point of w'ater At any 
gu en place the height of the barometer vanes, and consequently 
the boiling-point of water is found to vary, slightly it is true, but 
perceptibly It changes 1° C for an alteration of 27 mm in the 
height of the barometer 

Expt 3 Fra nklin ’s Experiment to show that 
Water will boil below its ordmary Boilmg Pomt 
when the Pressure above it is lowered — Fit a strong 
round-bottomed flask wnth rubber stopper, glass tube, rubber 
tube, and clip, as shown in Fig 64 Introduce some water, and 

H 2 
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support the flask o\er wire gauze Open the clip, and boil the 
water vigorously till all the air is evpelled, and its place taken 
by aqueous vapour Then remov'e the flame, and close the clip 
AJlow the flask to cool until all boiling ceases Then pour 
some cold water over it The water begpns to boil The 
reason of this is that a large portion of the aqueous vapour in 




Kit'S 


lElS 


Fic 65. 


the flask IS condensed through the pounng on of the cold water 
Consequently the pressure on the surface of the water is so far 
diminished that it is less than the maximum pressure of aqueous 
vapour at the temperature of the water, and the water therefore 
boils 


Problem 

Place a flask containing hot water under the air pump, or connect it 
with a Bunsen pump Can you make the water boil ? 

Then again, supposing the pressure aboVe the surface of water 
IS increased, should not the boiling point be raised ? 
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ExPT 4 1 To Bhow that the Boiling Point of Water 
can he raised above 100’ O — Pour some water into a 
strong flask, and close it with a rubber stopper, through which 
are passed a thermometer and a glass tube bent at nght-angles 
(Fig 65) Attach to the external end of the tube a piece of 
rubber tubing bearing a screw clip Leaving the clip open, 
heat the flask on a flame until the water boils, and observe the 
temperature. Then close the clip until only a narrow exit is 
left for the steam The result is that the pressure within the 
flask IS gradually increased, and consequently the water boils 
at a higher temperature As soon as ihe iemperature ts seen to 
rise 2°, release the clip at once 

Definition —The boiling pomt_ of a hqmd is that 
temperature at which the pressure of its “vapour 
just'oyeroomes.the pfessure.bfJtKe^tmpspherejupon 
the” siirface of the hqmd. 


evaporation of other liquids 

We have considered the evaporation of water in some detail 
Do other liquids evaporate at temperatures below their boiling 
points ? Can the statements made of aqueous vapour be applied 
to the vapours of other liquids besides water ? 

Expt 5 To compare the Evaporation of Laqmds — 
Place drops of ether, chloroform, alcohol, benzene, water, and 
olive oil upon a slate Observe that some disappear or are 
evaporated before others 

Exercise 

Repeat ExpL i, using (i) alcohol, (2) ether, {3) chloroform, in 
place of water 

The mercury sinks further when alcohol is used than with 
water, and still further in the case of ether, the temperature 
being the same m each case. Try also in each case the 
influence of an increased temperature. 

It is evident then that the vapour pressure of alcohol or ether 
IS greater than that of water at the same temperature More- 
over, in ever}' case the vapour pressure increases as the tem- 
perature rises It follows from this that with alcohol or ether 

1 Lecture Tabic Ejcpcnment. 
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the temperature uull probably be sooner reached at which the 
rapour pressure is equal to the pressure of the atmosphere — m 
other uords, the temperature at uhich the liquid will boil If 
reference is made to the table of boiling pomts, p 91 it is 
found in agreement wth this conjecture tliat ether boils at 35°, 
and alcohol at 78' 3 

. , > LATENT HEAT OF VAPORISATION 

We have found that while the \’aponsation of a liquid is 
proceeding by boiling, although heat is bemg continuously added, 
ne\ ertheless there is no simultaneous nse in temperature This 
heat which apparently disappears but can be made sensible 
again is termed the latent heat of vaporisation 

In the process of boiling this heat is supplied from an external 
source. 

Is heat also rendered latent when a liquid simply evaporates 
beloA the boding point, when no heat is supplied from a flame 

or fire ? If heat is absorbed in such 
a case, it will of necessity be obtained 
out of the liquid itself, or from sur- 
rounding objects, and consequently 
their temperatures w ill fall We must 
test this by expenment and expenence. 

Expt 6 Is Heat rendered 
Latent in Ordinary Evapora- 
tion? — Pour a little ether over the 
hand A sensation of cold is felt 
Again, recall the sensation of cold 
expenenced when the body whde wet 
after bathing is exposed to the air 
Expt 7 — Take a small flask, fill 
It one-third full with ether Place 
wnthin It a test-tube contaming about 
I C . C . of water Then, by means of a 
glass lube connected wothan air-blast 
or bellows, send a rapid stream of air through the ether (Fig 
66) The ether is rapidlj e\aporated Presently the water 
inside the tube is found frozen solid Notice the hoar frost on 
the outside of the flask. 
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Exercise 

Put some ether in n beaker Wet the outside of the beaker with 
water Stand it on a wooden block Can you freeze the beaker to the 
block ? 

*'■ Expt 8 The Cryophorus —This is an interesting piece 
of apparatus devised by the physicist Wollaston (Fig 67) It 
consists of a closed glass tube, bent tmce at nght angles, ivith 
a bulb at each end, and contains some water and water vapour, 
but no air Run all the w ater into the bulb B Immerse the 



bulb A in a freezing mixture. After a time dew is seen to be 
deposited on the outside surface of B, and finally the water in 
B may even be frozen 

Expt 9 The Wet and Dry Bulb Thermometers — 
Take a thermometer Wrap the bulb m cotton wool Read its 
temperature. Pour a few drops of methylated spirit on the 
cotton w ool Wave the thermometer about in the air Read 
the thermometer again The temperature has fallen several 
degrees Repeat, using (i) ether, (2) water 

It is a matter of common knowledge that the air is much 
more moist on some days than on others Sometimes the air 
appears to be laden ivith moisture, and everything out of doors 
IS dank and wet On such a day it w'ould be useless to hang 
clothes out to dr)', for the air is saturated or contains as much 
aqueous vapour as is possible at that temperature, and if a w et 
thermometer bulb w'ere moved about in such air no fall of 
temperature would occur It is evident, therefore, that we can 
judge of the un-saturation of the atmosphere by obsennng 
whether a moist thermometer sinks below' the actual temperature 
of the qir or not The wei atid dry bulb therinometet (F ig 68) 
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IS an instrument which enables us to do this One thermometer 
senses to record the actual temperature of the air The bulb 
of the other is surrounded by a piece of muslin, one end of 
which dips into a small vessel containing water, and by these 
means the bulb is kept moist On a dry day the water on the 
wet bulb evaporates, and a lower temperature is recorded than 
by the dry thermometer Moremer, the magnitude of the 
difference between the readings of the two thermometers gives 
a measure of the degree of un-saturation of the atmosphere. 



Fig 68 


for, the dner the air, the more rapid is the evapraration, and the 
greater the lowering of temperature. On a thoroughly damp 
day the two thermometers record the same temperature. 

Conclusion — It has been shown that the air always contains 
invisible water vapour Sometimes the air is saturated, and the 
vapour IS readily condensed as ram or mist or dew in the open, 
or as a dew on cold walls or pipes indoors But far more often 
the air is not saturated, and in that case evaporation must result 
wherever there IS w'ater In the open air, water is evaporated 
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from seas, lakes, and rivers, from the soil, and from the leaves of 
all trees, from the grass and all flowers, and if the heat is great, 
and the evaporation therefore rapid, these may fade and vather 
And in a warm, closed room, which is not well ventilated, 
especially if it is heated by hot pipes or by a closed stove, 
evaporation will often take place so rapidly from growing ferns 
or other plants that the fronds or leaves droop and die , evapora- 
tion of water will also take place from the surface of the skin of 
any occupants of the room, frequently causing exhaustion and 
oppression Such a condition of a room may be prevented by 
not allowing the temperature of a room to exceed 60° F by 
proper ventilation, and by having some water exposed in vessels 
in the room . 

Problem 

Hang up a piece of salt seaweed Compare its condition, day by 
day, with the readings of the wet and dry bulb thermometer 
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CALORIMETRY 

The Unit of Heat — We have already seen that when a 
solid IS melted, or when a liquid is \aponsed, heat becomes 
latent (pp 85, 90 and 102), hut we cannot endeavour to measure 
the quatthiy of heat which becomes latent until we have fi\ed 
upon some standard measure, that is upon a definite wiit of 
heat 

The effects of heat are numerous, and any one of them which 
can be accurately measured might be used as a unit of heat , 
for instance, we might select as our unit of heat the quantity 
necessary to produce a definite increase of \olume in unit mass 
of some standard substance. As a matter of fact, tlie effect of 
heat selected is that of increase of temperature, and the unit of 
heat is the quantity of heat required to raise the 
tbmperature of 1 gram of water from 0 ’ C to 1 ° C , 
this unit IS usually called one calorie Hence, if 50 grams of 
water are to be heated from 0° to~P C , go unit sjof Jieat will be 
required 

Pending further inquiry, we shall assume that the quantities 
of heat necessary to rai'e the temperature of i gram of water 
t° are equal wherever that degree may be on the scale of 
temperature , for instance, the quantity of heat necessary to 
raise the temperature of i gram of water from .80° to S i° may be - 
taken as equal to that required to raise the temperature of 
I gram of water from 0^00.0^ It follows from this that if the 

1 To Tfnehers — As the calculations luvoUed in this chTplerarc usuTlly felt to be 
rather diHicuU, the chapter ma>, if circumstances alIou,be postponed uith advantage 
to a later penod in the course. 
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temperature of i gram of ■water be raised from 0° to 80°, 
So calories are required, and if the temperature of 20 grams of 
water be raised from 30° to 55°, 25 x 20 or §00 calones rvill 
be required 

It must be assumed also that, when a given weight of 
water, or indeed of any substance, is cooled through any range 
of temperature, it gn es up exactly the same quantity of heat 
that IS required to raise its temperature through the same 
range. 

Let us next consider what occurs when w'C mix together two 
quantities of water at different temperatures 

EXPT I The Effect of mixing Two Quantities of 
Water at Different Temperatures —Support a small 
cylmdncal vessel, a, made of sheet brass, ^ on corks inside a 




Fig 69 



larger zinc vessel, b (Fig 6g) The inner vessel is called a 
“calonmeter” or heat-measurer Measure into it 50 c-c of 
water Place a C thermometer inside iL Weigh a small dry 
flask. Measure 50 c.c. of water into iL Place another C 
thermometer inside it, and heat the flask slowly over a small 
flame. Meantime stir the water in the calonmeter, and read its 
temperature. As soon as the water in the flask is aboxe 50°, 
remove the flame, stir carefully wath the thermometer, quickly 
read its temperature, take out the thermometer, and pour the 
w ater into the calonmeter Stir the mi'rture in the calonmeter, 
and read the highest temperature attained to one-tenth of a 
degree if possible Weigh the flask, and so determine the 

1 A small glass beater may be used if a brass sessel is not available. 
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quintity of water left in the flask. The following numbers were 
obtained in an expenment — 


Weight of warm water measured out 

SO 

gm 

,, __ ,, ,, left in flask 

05 


„ ,, „ used 

49 5 


Temperature of worm water 

52 ° 1 

: C 

Weight of water onginally in calonmetcr 

SO 

gm 

Temperature of water in calonmetcr 

19° I 

C 

Temperature of mixture observed 

35 ° I 

1 } 


It IS evident that the water in the calorimeter gamed heat, 
while heat was lost by the warm water added to it If there 
w’as no loss of heat, and no interchange of heat except betw een 
the two quantities of water, w'e can readily calculate what the 
common and final temperature should be, and this should agree 
with the final temperature obseiaed, mz 35° i 
Probably the simplest and most con\enient way is to calculate 
the quantities of heat which both quantities of w ater contained 
that they w'ould have possessed were their temperatures 
o'’ Tliese were — 


50 X 19 I or 955 calorics in the case of the water in the cnlonmetcr 
49 5 X 52 I or 2578 95 caloncs in the case of the warm water 
Hence, 

955 + 2579 or 3534 caloncs of heat were absorbed by 50 + 49 5 or 
99 5 grams of water 


Hence, the common temperature should be or 35 ° 5 , whereas 

99 5 

It was actuall) found to bo 35' i 


The difference between the obsen'ed and calculated values is 
probably due to a slight loss of heat from the water, for 
instance, a small amount of the heat in the warm water goes 
to heat not only the water in the calorimeter, but also the 
calorimeter itself and the thermometer {See Expt 4, p n i ) 


SPECIFIC HEAT 

■When equal quantities of heat are communicated to equal 
w'eights of ^vater, the temperature of each is raised by the same 
amount But if equal weights of substances are heated 

until they have acquired the same temperature, wll they be 
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found to have absorbed the same quantities of heat? In other 
words, have different substances the same capaciiy for heat ? 

ExPT 2 To find wlietlier Different Metals have the 
same Capacity for Heat — ^Take cylmdei's of lead, tm, 
and copper, of the same v eight, say 50 grams in weight each 
Suspend them by threads in boiling water for fi\e minutes 
Take three calonmeters, and measure 50 c c of water at the 
ordinary temperature into each Place a thermometer m each 
Then remove the cylinders at the same time from the boiling 
ivater, and place one in each calonmeter Stir carefully with 
the thermometer, and read m each 
case the highest temperature attained 
Have the metals heated the writer 
to different temperatures ? Which has 
raised the temperature of the water 
the most ? The copper 

It follows from this expenment that 
if equal quantities of heat are given to 
equ^ w eights of different substances, 
the temperatures of each will be raised 
by different amounts 
'^“Defimtion of Specific Heat — 

The quantity of heat required to raise 
the temperature of i gram of a sub- 
stance ft om 0° C to 1° C IS called its 
speafic heat at 0° Since, however, 
very nearly the same quantity of heat 
IS required to raise the temperature 
of any substance 1° wherever that 
degree may be on the scale of tern- Tig 70. 

perature, we may state as appiovi- 

mately true that the specific heat of any substance is 
the quantity of heat necessary to raise the tempera- 
ture of 1 gram of it 1 ° O 

Expt 3 To find the Specific Heat of a Metal 
Measure into a thin brass vessel 100 cc. ^ of water, and place a 
thermometer in it. Weigh mto a hard test-tube, a (Fig 70), 50 
grams ^ of the metal Close it wnth a stopper, through which is 

i BranaUr lead, iron filings, giannlnted zinc, copper turnings. 

- H al f quantities may be used. 




no INTRODUCTION TO STUDY OF CHEMISTRY chap 


passed another thermometer, the bulb of which must be 
surrounded by the metal Heat the metal as nearly as possible 
to ioo° C by suspending the test-tube for sometime in a flask, b, 
containing boiling water Read its temperature, read also the 
temperature of tlie water in the calonmeter, and then transfer 
the metal as quickly as possible into the water in the calorimeter, 
stir with the thermometer, and observe the highest temperature 
reached Thus — 


Weight of metal 5 ° 

„ water too gm 

Temperature of metal before experiment too° C 

,, ,, cold ivater before experiment 12° C 

,, ,, water after experiment 16° C 


Assume calories lost by metal — calories gained by waiei j 
then, 


Metal fell in temperature 100-16 or 84 degrees 

Water increased in temperature 16 - 12 or 4 degrees. 
Water gained too x 4 or 400 calories 

1 e metal lost 400 calones. 


If 50 gm metal cooling 84° lost 400 calones, 

I gm „ „ 1° lost X JL or ^ calones. 

50 84 84 

Hence, 


Specific Heat of metal =0 096 


The student should observe that (i) the metal must be 
thoroughly heated, (2) as the difference of temperature to be 
measured is very small, temperatures should be read to the 
nearest tenth of a degree.^ 

/ Water Equivalent of a Oalonmeter— If warm water 
IS added to a calonmeter, containing a thermometer, which is 
at the temperature of the air, the calonmeter and thermo 
meter are heated, and on the other hand there is a loss of 
heat from the ivater, which must be allowed for in accurate 
determinations of specific heat Now there must be a certain 
quantity of water which will absorb just as much heat as the 

1 Note for TcacJter — The method described above is only moderately accurate, but 
It IS ln 5 tructlve^ and does not tote too long The student realcses at least what is 
meant by “speafic heat, which is the important thing It may be noted that the 
‘ water equivalent is neglected, and that It is assumed that 100 c,c. = 100 grams. 
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calonmeter and thermometer absorb m being heated through 
any range of temperature. This equnalent amount of t\ater is 
called the -wafer eqm-ualent of fhe calonvieier^ and must be 
allowed for in accurate determinations of specific heat 
Expt 4. To show the Absorption of Heat by a 
Calorimeter — Support a calonmeter as before on cork m an 
outer zinc vessel Heat loo c c uater in a beaker containing a 
thermometer to about 35° C As soon as this temperature is 
reached, remo\ e the flame, stir w ell, read the temperature, at 
once pour the uater into the calonmeter, put the thermo- 
meter in the calonmeter, and stir well, watching closely the 
thermometer The temperature falls rapidly through a small 
range o\\ ing to the absorption of heat by the calonmeter Read 
the temperature. From this point the temperature continues to 
fall slowly, ownng to the cooling of the apparatus 
State thus — 

Temperature of water m beaker = 35° 4 C 

M » M calonmeter = 34“ 5 C 

Fall in temperature = 0° 9 C 

For a fuller treatment of this subject the student should refer 
to books on Physics 


Table of Specific Heats 
Solids 


Magnesium 

0 

250 

Zinc 

Aluminium 

0 

214 

Copper 

Glass 

0 

iSS 

Siber 

Sulphur 

0 

177 

Tm 

Diamond 

0 

147 

Gold 

Iron 

0 

114 

Lead 


o 096 
0095 
0057 
o 056 
o 032 
o 031 


Water 

Alcohol 

Ether 


Liquids 

1 000 Oil of turpentine 

o 615 Mercur) 

0503 


o 462 
0-033 


It IS seen at once from these numbers that the specific 
heat of water greatly exceeds that of most other sub- 
stances 

See p 1 17 for Examples on Specific Heat. 




M2 INTRODUCTION TO STUDY OF CHEMISTRY chap 


LATENT HEAT OP LIQUEFACTION 

We have already found that heat becomes latent when any 
solid substance is melted, and we are now m a position to 
measure the latent heat of liquefaction of ice. But first w e must 
define exactly what it is we wish to measure. 

Definition of Latent Heat of Liquefaction — The 
latent heat of Uquefactioii of any substance is the number of 
calo) les of heat absorbed by i gram of it in passing from the 
solid to the liquid state without rise of temperature 

N B — This IS equal to the number of calories of heatevohed - 
when a gram of the liquid substance is reconverted to the solid 
state without fall of temperature 
Expt 5 To measure the Latent Heat of Lique- 
faction of Ice — Weigh a small sheet-brass calonmeter Add 
loo C.C of ivater, and weigh again Heat it carefully to about 
20° C Then weigh out roughly on filter-paper about to grams 
of ice Place the calorimeter on cork supports wathm a zinc can, 
and carefully read the temperature of the water m iL Dry the 
ice with blotting paper Quickly introduce it into the calon- 
meter, stir thoroughly, and obsen-e the lowest temperature 
attained Finally, remove the thermometer, allowang the water 
to dram off into the calonmeter, and weigh again The increase 
in weight gives the weight of ice added In an expenment the 
following numbers were obtained — 


Weight of calonmeter 21 4 gm 

,, calonmeter and water 1192 ,, 

„ calonmeter, water, and ice 128 S ,, 

Initial temperature of water 21° o C 

Final „ „ 12° 5 C 


Thu5,ii9 2-21 40197 8 grams ofwater were cooled from 21° to 12° 5 
128 5 - 119 2 or 9 3 grams of ice were added 

This ice teas first melted^ and secondly healed to 12° 5 

Assume 

heat gained by ice = heat lost by water 

heat lost bj water = 97 8 x (21 - 12 5) 

= S31 3 calones 


Then, 
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Therefore, 

heat gained by 9 3 grams ice = S31 3 calories 

But the calonesgained hyp 3 grams of melted | _ g ^ 125 

ice at 0°, due to 12° S rise of temperature ) 

= 11625 

Hence, the number ofcalones absorbed in melt- ) _ 3-11625 

mg 9 3 grams of ice 1 

= 71505 

Therefore, 

number of calones absorbed in melting I ^ 715 05 
I gram of ice J ~ 9 3 

The value obtained here for the latent heat of liquefaction of 
ke must be slightly inaccurate, owmg to a small loss of heat 
from the apparatus, and to the ice being slightly wet on the sur- 
face The true talue hes between 79 and 80, but in round 
numbers it may conveniently be taken as 80 We have amved 
then at the result that in the change of i gram of ice at 0° into 
I gram of water at 0° no less than 80 calones of heat are 
rendered latent , that is to say, as much heat as could heat 80 
grams of water from 0° to 1°, or heat r gram of w'ater from 
0° to 80° 

It is interesting to observe the \ alues of the latent heats of 
liquefaction of other bodies 


Table of LATE^T Heats of Liquefaction 


Ice 

80 

Tin 

14 + 

Sodium nitrate 

63 

lodme 

11 + 

Nitre 

47 + 

Sulphur 

9+ 

Zinc 

28+ 

Lead 

5 + 

Siber 

21 + 

Phosphorus 

5 + 


It is very' noticeable that the latent heat of ice is very great as 
compared wnth those of other substances, and this is a matter of 
the greatest importance- If snow' and ice w'ere immediately 
converted into water at 0° C wnth httle or no absorption of heat, 
the sudden melting of the snow' on the hills and mountains 
Would expose the inhabitants of the valleys below them to the 
most terrible floods and inundations 

VOL. I r 
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'^LATENT HEAT OP VAPORISATION 

Just as heat disappears whenever a solid is liquefied, so also 
we have already seen that when a liquid is \aponsed heat 
becomes latent 

Defirution of Latent Heat of Vaporisation — The 
latent heat of vaporisation of any liquid at a givtti temperature 
IS the number of calories of heat absoibed by i gram of it tn 



Fic 71 

passing fiom the liquid to the gastous state -without rise of 
temperature 

When a vapour is condensed again into a liquid, the heat which 
w as insensible or latent becomes sensible again, and the number 
of calones evolved is equal to the number previously absorbed 
Expt 6 To measure the Latent Heat of Vapor- 
isation of "Water — (i) Place some water in a 500 c c flask. 
Close It with a stopper, through which are passed a thistle- 
funnel (its lower end dipping below the surface of the water, not 
shown in Fig 71) and a glass tube, bent as shown Proce^ to 
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heat the water Also take a w ide glass tube, A B, closed by 
stoppers, through the lower of which a straight glass tube is passed 
Connect this apparatus, uhich is to serve as a trap, with the 
flask by means of the bent glass tube The trap serves to catch 
the condensed water which is earned over by the steam ^^^len 
the steam issues freely from the end of the tube, measure 50 cc 
of ice-cold water mto a w eighed brass calorimeter or beaker, 
and place it so that the end of the tube readies nearly to the 
bottom of the calorimeter 

The steam is condensed with a loud noise by the cold 
water, and the temperature rapidly nses, till finally the water m 
the beaker itself is raised to near the boiling point Then 
remove tlie flame, and also the beaker, and observ^e that the 
volume of the water in the beaker is only increased by about 
one-fifth If the increase m weight of the beaker is 10 grams, 
this shows that 10 grams of steam at 100°, m changing into lo 
grams of water at 100°, set free sufficient heat to raise the 
temperature of 50 grams of water from 0 ° to 100° C What 
value docs this result give for the latent heat of vaponsation of 
water ? 

This expenment show's that the latent heat of vaporisation of 
water has a very high v alue, and that therefore steam should 
never be needlessly w asted 

(2) Try to measure accurately the latent heat of vaponsation 
of water For this it will be necessary to stop the condensation 
of the steam, when the temperature of the water reaches about 
50°, because at higher temperatures its loss of heat by cooling 
becomes much greater Proceed thus — Measure 100 cc. of 
cold water mto a calonmeter, and w eigh Read its temperature. 
Pass steam m until the temperature nses just above 50° C 
Then lift the delivery tube out from the calonmeter, stir well, 
and at once read the temperature. Thus 


.V'^eight of cold water 

Weight of gilonmeter when cold 
>• ' 1. ' warm 


J Temperature of cold water 
„ ,, warm water 

Hence, 100 grams of water were warmed from 
grams of steam w ere condensed 


= 100 gm 
= 141 7 ,, 

= 148 7 „ 

= 13° oC 
= 53° 3 C 

13° to 53 ° 3 C , and 7 


I ? 
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Now, the steam was first condensed, and, secondly, cooled to 53'’_3 C 

Assume 

heat gamed by water = heat lost by steam 

Now, 

heat gained by water = loo x (53 3 - 13) 

= 4030 calories 
heat lost by 7 gm of steam = 4030 calories 

But the calones lost by 7 gmms of condensed steam at 100° due to 
(100° - 53° 3) or 46° 7 fall of temperature = 7 x 46 7 

= 326 9 

the calones given out by the condensation of 7 grams steam into 
7 grams water at 100° = 4030 - 326 9 

=3703 I 

the number of calones given out by the conden 
saUon of i gram steam = . 37 p 3 j 

- 7 

= 529 

The true value of the latent heat of vaponsation of water at 
100° is found to be 537 , that is to say, in converting i gram of 
Avaterat 100^ into steam at 100°, no less than 537 units of heat 
are rendered latent 


Table of Latent Heats of Vaporisation 


Water 

537 

Oil of turpenbne 

74 

Alcohol 

202 + 

Bromine 

45 + 

Ether 

105 + 

lodme 

24 

Acetic acid 

102 




It IS seen from this table that the latent heat of vaponsation 
of water is exceptionally high, and greatly exceeds that of almost 
every other liquid, just as the value of its specific heat and that 
of Its latent heat of liquefaction are higher than those of other 
hquids 

In view of the fact that ivater exists m vast quantities in the 
liquid form on the surface of the globe, tliat its Ampour is alivays 
present m the air, and that icc and snoAv are forms m Avhich it 
IS often found, there can be no doubt that the aboi e exceptional 
properties of Avater are of the highest importance m mamtainmg 
a fairly uniform temperature on the surface of the earth 
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Examples XII 
(a) Specific Heat 


I Calculate in each of the follomng cases what the common tem- 
perature should he, assuming no loss of heat — 


1 

II 

III 
IV 


50 gm water at 51° C , added to 50 gm w-ater at 16° C 

49 5 j» 5 ® C »» ” >> ^ 5 ^ C 

50 ,, 95 >» >> ” ^ 

I litre ,, 99° C ,, 900 C.C ,, 10° C 


2 How many calones of heat are required to heat — 

1 50 gm copper from o’ to 100° C (S H copper = o 095) 

n 5^ >1 95 ^ >> 

III 25 gm lead from 20® to 100° C (S H lead = o 03) 

IV I kilogram iron from 20° to 100° C (S H iron =011) 

^3 Find the specific heat of a silver watch chain, hanng given 


Weight of chain 90 gm 

Temperature of hot cham 99° C 

Volume of cold water 100 c.c. 

Temperature of cold water 15° C 

Temperature of mixture 19’ I C. 


4. If 200 grams of mercury at loo” C are mixed with 100 grams of 
water at 7° C , and the resulting temperature is 13’ C , find the specific 
heat of mercury 

S 10 grams of a certain substance are heated to 100° C and placed 
in 75 grams of water at 4° C The final temperature of the water is 
10^ C Find the specific heat of the substance 

Vo Find the final temperature of a mixture of 100 grams alcohol at 
10° C and 100 c.c water at 0° C , assuming that the S H of alcohol 
IS 6, and that the only heat change is an mterchange between the 
alcohol and the water 

yf 7 Find the final temperature of 100 grams of water ongmally at 
0° C , after droppmg mto it 10 grams of copper nails at 100° C (S H 
of copper = 09s ) 

8 Find the resulting temperature when 10 grams of water at 100° C 
are poured mto a copper \essel at 0° C weighmg 100 grams. (S H of 
copper = 09s ) 

9 What would be the nse of temperature on dropping loo grams of 
lead shot at 100° C mto lOO grams of water at 0° C ? (S H of lead 

= 03) 
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' xo Hoxr many grams of silver at go‘if dipped into lOO grams alcohol 
at 10° would raise its temperature to 20° C ? (S H of silver = 057 , 
alcohol = 615 ) 

11 IVhat weight of mercury at loo°if mi\edwith 100 grams of water 
at 0° would raise its temperature to 10° C ? (S H of mercury = -jV ) 

latent Heat 

12 How much heat would be required to melt i kilogram of ice 
ivithout nse of temperature ? 

13 Calculate the latent heat of bquefaction of ice from the follotving 
data — 



(1.) 

(n) 

(ui) 

Weight of water 

100 gm 

70 Sgm 

too gm 

,, ,, + melted ice 

104 5 » 

763 

los 7 M 

Initial temperature of water 

21° 4 C 

21° 5 C 

21° 4 C. 

Final „ ,, 

if 1 C 

13° 9 C 

15° 9 C 


14 Calculate the common temperature reached on mixing 10 grams 
of ice at 0° C with too c c, of water at 80° C 

^ 15 How many grams of steam would be required to raise the torn 
perature of i litre of avater from 0° to 100° C (L H of vaporisation 
of water = 537 ) 

16 Calculate the latent heat of TOponsation of water from the 
following data — 


Weight of cold water 
Weight of calonmctei when cold 
j) I) warm 

Temperature of cold water 
„ warm water 

17 l 4 low much heat would be required 
0° C mto sfoam at ioo° C ? 


(O 

100 gm 

1173 .. 

1240 „ 
12° 2 C 
50° 4 C 


(n ) 

100 gm 
137 7 M 
144 I 
13° 8 C 
50° oC 


to change I gram of ice at 
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SOLUTJON 

THE SOLVENT ACTION OP WATKR— What 
occurs when a solid substance is placed in water ? Place a 
lump of sugar in a small beaker of warm water The sugar 
crumbles down, melts, and disappears m the water 
The sugar is said to be dissolved m the water, or to be 
soluble in the water And this sort of melting and dis- 
appeanng m the water is called solution, and the water is 
said to have a solvent action upon the sugar But the 
sugar IS not lost, for the water tastes sweet Is there any 
change in weight ? 

Expt I Is there a change in weight when sugar 
IS dissolved m water ? — Warm some w ater m a beaker, put 
in It a glass rod, and cover it ivith a ivatch-glass Place a piece 
of smooth paper with a fe%v grains of sugar on the watch-glass 
Place the whole on one pan of a balance, and counterpoise it 
Carefully slide the sugar into the water, and stir until it is dis- 
solved Is the weight altered ? No 
All substances, how'ever, do not dissolve so readily m water 
as sugar 

^ Expt 2 To find whether Plaster of Pans is soluble 
^in Water — Shake some pow'dered plaster of Pans in a small 
flask wuth w^ter The w ater becomes milky owing to pow'der 
in suspension The plaster seems insoluble 

But does the evidence justify this conclusion ? We know that 
the plaster zs not all dissolved Is it possible tliat some of it 
is dissolved^ To settle this ive must separate the liquid from 
the floating pow der This we can do by letting it stand, but that 
takes time Can we not pour the milky houid on some porous 
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inaten-il such as blotting-paper, whicli 
will allow the liquid part to run through 
nhilc the floating solid particles are 
caught and retained on the paper ? Trj’- 
Expt 3 To filter the Milky 
Liquid containing Plaster of 
Pans — Take a circular piece of a 
kind of porous paper called filter- Fic 72. 

paper F old it once across a diameter 

Then fold it again in two Open the folded paper so that it 
forms a cone, as showai m Fig 72 Place it in a dr}' funnel, 
the cone of which is larger than the paper cone It spnngs up 
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if the paper does 
not fit the glass 
closely all round , 
alter the folding till 
It fits well Now 
moisten the paper 
Mith water to keep 
It in place. Place 
the funnel in the 
mouth of a flask, 
or m the nng of a 
retort-stand above 
a clean beaker 
Take the flask 
containing the 
water which has 
been shaken up 
with the plaster of 
Pans. Pour the 
contents dowai a 
glass rod into the 
funnel (see Fig 
73), and take care 
that the liquid does 
not rise above the 


top of the paper 

The plaster is retained on the paper, while a clear liquid 
runs through , this latter is called the filtrate If the 
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first few drops are not quite clear, pour them on the filter 
again 

If the clear filtrate is evaporated, the water will be driven off. 
Solid plaster of Pans does not evaporate into the air It seems 
probable, then, that if the clear filtrate be evaporated, solid 
plaster of Pans wiU be left behind, if the water has really dis- 
solved any of it 

Expt 4. To find whether the Clear Filtrate contains 
Dissolved Plaster of Pans — (1) Place a drop of the filtrate 
on platinum foil Hold the foil by a pair of tongs over a flame 




A white stain is left. It is clear, then, that plaster of Pans is 
shghtly soluble m water 

(2) Pour some of the filtrate into a glass basin Place the 
basin on a sand-bath (see Fig 74)j heat it so that the liquid 
IS evaporated mthout spurting TTie volume of liquid gradually 
lessens, and a white deposit crusts the basin 

( 3 ) A still surer method for avoiding loss by spurting is by 
ev'aporating the liquid on a “ water-bath.” The basin is m this 

case put on a beaker in tihich water is being boiled, as shown 
in Fig 75 
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Problems 

Examine the solvent action of cold water upon powdered nitre, salt, 
green vitnol, garden soil, grai el, chalk, Epsom salts 

SOLIDS IN NATURAL WATERS —Do your results 
not bring out the fact that several substances which occur m 
nature are soluble in water? Then \% ill not water which has flowed 
o\ er or through the crust of the earth be found to have dissolved 
something ? We can readily find out whether this is so 

Expt s To find whether Spring Water contains 
Dissolved Sohds — Take a clean glass basin ^ Measure lo 
c c. of clear spnng water by a pipette into it Evaporate the 
water by placing the basin on a sand-bath or water-bath After 
the disappearance of the water, a slight solid residue is seen to 
be left 


Problems 

Find whether ram ■aater, river water, sea water,* do or do not leave 
a solid residue on eiaporation 

You have probably found that while the rain water leaves 
little or no residue the sea water leaves very much more than 
the spnng or nver water 

Then ram water — z c , water which has not been in contact 
w ith the surface of the earth — is almost entirely free from dis- 
solved solid impunty Spnng and nver waters, on the other 
hand, are waters which have tnckled through or o\er vanous 
strata of the earth’s crust, so that it is probable that much of the 
solid matter they contain has been dissoU ed out of the rocks 
and soil over which they have passed. This will account, too, 
for sea water containing so much dissolved matter For the 
nvers flow down into the sea, carrying wnth them that which 
they have dissolved out of the earth, and as the water of the sea 
evaporates the solid matenal remains behind, just as in the above 
expenment A immral water is a spnng water which contains 
an exceptional amount of dissolved sohds 

Observ'e the foUowang table. Why do some nver waters 
contain more dissolved solids than others ? 

1 Or a watch-glass, 3" diameter 
3 Sea water u supplied by irost chemical 6rTas, 
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Solids in Grams per 100,000 c c of Naturai Waters 


Ram average 

3 grams 

Lakes — 

28 


Rivers — 


Loch Katnne 

grams 

Neva 

5 5 >> 

Thirlmere 

27 

)) 

Invell near source 

s „ 

Mineral Waters — 



,, below Man- 


Vichy 

503 

>> 

chester 

5 ^ »» 

Eau de Seitz 

407 

yy 

Rhine 

16-32 „ 

Sea Water — 



Thames, at London, 40-45 ,, 

Black Sea 

1,770 

yy 

Jordan 

105 „ 

Indian Ocean 

3,400 

yy 

Nile 

158 ,, 

North Atlanbc 



Spnngs and Wells — 


Ocean 

3,849 

yy 

Average of 200 


Dead Sea 

17,000 

yy 

1 samples 

28 „ 





We have seen that a solid residue is left when a water con- 
taining solid matter is evaporated If, as we have really 
assumed, the whole of the dissolved matter is left behind, the 
water which evaporates must be free from such impunty 
Expt 6 Can Pure Water be obtained by Distilla- 
tion ? — (i) Distil about 100 c c of sea water from a flask, as m 
Expt 6, p 91 See that the rvater does not boil violently 
Throw away the first 10 or 20 cc of the distillate, which uill 
have washed out the tube and flask, and may therefore contain 
some dust Then collect some more, and find whether on 
evaporation 10 c.c leave as much residue as before Extremely 
little or none. 

I ( 2 ) Colour the rest of the sea water with a few drops of ink, 
and distil the coloured water Is the distillate colourless ? Yes 
‘ We have, therefore, in the process of distillation a means of 
obtaining pure water from such water as sea water, which con- 
tains much dissolved solid matter, and is unfit for drinking 
purposes 

Water is Distilled Water — Distillation is always 
occumng in nature From the rvide expanse of the waters of 
the ocean, evaporation is continually taking place. Leanng the 
dissolved matter behind, the water vapour ascends, to descend 
again m the form of pure ram water upon the surface of the 
earth The rain which falls towards the end of a dovmpour m 
,the country far from the smoke of cities is the purest water in 
nature. 
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HAED AND SOFT WATERS -^The differences which 
are found between the amounts of solid matter contained in 
various natural w atcrs are notable, and of much importance. 

Waters which yield a lather w ith difficulty with soap, so that 
much soap is used up before its cleansing action can be utilised, 
are called hard. 

Expt 7 To make a Soap Solution '—Cut a piece ol 
Castille soap so that it weighs lo grams Cut it into thin slices, 
and place them in a large flask. Add 400 c c. methylated spints 
Warm gently, and shake until the soap is dissolved Filter tlie 
solution into a litre flask. Wash out the other flask w ith a little 
alcohol Add spirits so as to make the \olume up to i litre 
Store the solution in a Winchester pint bottle 

Expt 8^^ To compare the Hardness of Different 
Waters — Fill a burette wath the soap solution Take a 
6 02. glass stoppered bottle. Measure into it 50 cc. of the 
laboratory tap w atcr Read the burette Run into the bottle 
I C.C. of soap solution Close wath the stopper, and shake well 
Place the bottle on its side on the bench Is there a permanent 
lather ? No 1 Then, add another i c c and shake, and proceed 
m this way until a lather remains right across the surface of 
the water for three minutes Read the volume of soap solution 
added 

Find in the same way what volumes of the same soap solution 
must be added m order to produce a permanent lather with 
different kinds of w'ater — eg, {a) ram water, {b) a river water, 
(c) a spring water 

To quote some results — 


50 c c. of rain water 

required 2^0,0 soap 

solution. 

,, a certain spnng water 

>1 si n 

it 

,, another spnng water 

it 9 »> 

a 

,, a nver water 

» iii » 

t i 


Now the rain ivater had been found to contain very little dis- 
solved solids, while the nver w'ater contained a considerable 
quantity It might appear, therefore, that /lard waters are waters 
tnat contain much sohd matter But the two spnng waters had 

1 Lecture Table Ejq>enmcTit 

2 This and other experiments may with advantage be performed by a few members 
of a class before their fellows. 



XIIl 


SOLUTION 


125 


been found to contain about equal quantities of dissolved solids, 
and therefore, since one of these was nearly three times as haid 
as the other, it would seem likely that the hardness of a water 
depends not only upon the quantity of dissolved solids, but also 
upon their nature. Test this — 

Problem 

Shake up rain water with a httle of each of the following naturally 
occumng substances take as much of the powdered substance as 
would cover a sixpence Filter, and find the quantity of soap solution 
requured to form a lather with 50 c c. shaken with 

(a) soda, ( 6 ) gypsum, (r) Epsom salts 

Again, some results may be quoted — 

50 c c ram water shaken with soda required 2 c c. 

». .. gj’psum ,, 50 + c.c, 

)) )) I, Epsom salts „ 50 + cc. 

It is clear, therefore, that the presence of soda in a water will 
not make it hard , the spnng water referred to above which 
required only 3^ c c soap solution to form a lather as a matter 
of fact contained soda On the other hand, chalk, or gypsum, 
or Epsom salts, will render a water hard And it is the ex- 
perience of those who live m chalk or limestone districts that 
the well w'ater is very hard (There will be a further discussion 
of the hardness of waters containing chalk later see Vol II , 
A Researcli on Chalk ) 

It is evident that hard waters are ill adapted for washing pur- 
poses, and that the softness or hardness of a town’s supply of 
water will greatly affect the annual consumption of soap in 
every household ) 

Expt 9 A Hard “Water when boiled deposits a 
Sohd Crust — Take some water which you know to be very 
hard. Half fill a perfectly clean 8-oz flask with the water 
Boil steadily for some minutes Then pour out the water, and 
examine the inner surface of the flask. A thin film of solid 

matter has been deposited wherever tlie water was in contact 
with the glass 

Examine the inside of a kettle m w hich hard w'ater has fre- 
quently been boiled, and note the fur on the sides 
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Thus It IS clear that a boiler in which immense quantities 
of w’ater are heated w'lll in the course of time become coated 
with a thick solid crust, if the water is hard This leads some- 
times to dangerous accidents, because the iron, if protected by 
the incrustation from the water, becomes greatly oicrheated 
Hence, a water which contains a considerable quantity of 
solid matter m solution is generally ill suited for use in 
boilers 

It may be added that soft w’aters are much better adapted than 
hard w’aters for cooking purposes, whetlier for making tea and 
bread, or boiling \ egetables and meat On the other hand, it is 
found that soft waters have the disad\ antage of attacking metals, 
especially lead, much more than hard waters do 

Problems 

Find the volume of soap solution required to form a permanent 
lather with 50 c c. of a hard water which has been treated in each of 
the following wajs — 

1 Heated, and then tested while still hot 

2 Boiled for a few minutes, and then filtered and cooled 

3 Distilled 

4. Shaken with a few crjstals of soda, and then filtered 

Do you not find that in each case the water has been rendered 
softer? The use of soda crystals in the laundry' can now be 
understood 

Make a summary of all the measurements you have made 
with the soap solution 

THE SOLUBILITIES OP SOLIDS IN WATER— 
Water, we have seen, can dissolve many different substances 
Are all substances, how ever, soluble to the same extent m water ? 
Sugar IS readily soluble , plaster of Pans only slightly so But 
we must make actual measurements with different substances 

Definition of Solubility — The soluMity of a substance in 
water at any given temperature is measured fy the weight of the 
substance which can be dissolved in 100 grams of water at that 
temperature 

Expt 10 To find "wbat Weight of Salt can. be dis- 
solved by Water — (i) Half fill a 6 oz. glass-stoppered bottle 
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cold water Add some common salt, and shake well If 
It IS entirely dissolved, add more until some remains undissolved 
Note that it is impossible to dissolve an unhmited amount in 
the ^\ater At the temperature of the experiment the water v ill 
only dissolve a certain amount of the salt. The solution is then 
said to be satiirated. Allow it to stand If the undissolved 
salt does not quickly settle, filter the solution Weigh an 
evaporating basin or clock-glass Carefully suck up 10 cc, of 
the clear solution into a pipette, and transfer to the basin 
Evaporate the solution to drjmess on a sand-bath Weigh 
Calculate the weight of salt dissohed in 100 c c of the solution 
In an expenment, 

10 c c solution contamed 3 04 gm salt. 

(2) Notice, however, that m the last expenment we measured 
the weight of salt dissolved in 10 c.a of the soluiioft, not in 10 
grams of water In order to find the “ solubility',” w'e must also 
weigh 10 c c. of the solution in a flask. Thus, 

10 c c. solution weighed ii 80 gm 

Hence, 

II So - 3 04 or 8 76 gm water dissolved 3 04 gm salt 


Therefore, 100 gm water dissolved itxi gm salt 

= 34 7 gm salL 


Problems 

Fmd what weight of each of the following substances can be di^Tved 
by 100 grams of water, saturated at the ordinary temperature — pow- 
dered nitre, garden soil, powdered gypsum 

Do not your results bnng out the important fact that sub- 
stances of common occurrence differ greatly as regards their 
solubility in water? 

The Influence of Temperature upon Solubihty — 
Thus far we have only examined the solubilities of substances m 
w'ater at the ordinary' temperature But is it not possible that 
at higher temperatures the solubihty of a substance w^lI be 
different from what it is at a low temperature ? We must, then 
study the influence of temperature. 
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Expt ii Is Nitre more soluble m Hot than m Cold 
"Water? — One quarter fill a test-tube with water Add 
sufficient powdered nitre to saturate it at the ordinary tempera- 
ture Then heat the test-tube in a flame. The undissolved 
nitre dissolves Add more and more nitre. It can also be 
dissolved Hold the test-tube m a stream of cold water from a 
tap, and at the same time scratch the inner surface of the tube 
w'lth a glass rod As the temperature of the solution falls, some 
of the dissolved nitre separates out in cr>'stals 
Then, there can be no doubt that nitre is more soluble in hot 
water than tn cold water 


Problems 

Find whether powdered blue vitnol, alum, bichromate of potash, 
chlorate of potash, common salt, gjpsum, are more soluble in cold or m 
hot water 

All are much more soluble in hot water than in cold w ater, 
except salt, which is scarcely more soluble in hot than in cold 
water, and gypsum which is even less soluble in hot water than 
in cold 

Solubibty Curves — The results of careful experiments on 
the amounts of nitre or other solids wdiich can be dissohed in 
loo grams of avater at different temperatures can be best 
e.xpressed by a graphical method See Chapter XVIII, p 179 

^ Solutions of known Strength. — It is sometimes neces- 
sary to prepare a solution of known strength, that is, one con- 
taining a knowTi quantity of a substance m a gnen volume 
The method of doing this may be illustrated by an example. 

Expt 12 To prepare a Solution containing 50 
/grams of Nitre per Litre —Your object will be to make the 
solution of the exact strength required without needless loss of 
time Gnnd the nitre to piowder This wall help it to dissolve. 
Heat a little gently m a dry test-tube. If any moisture con- 
denses on the side of the glass, this shows that the nitre is damp 
In this case place the nitre m a basin over a small flame. Stir 
wath a glass rod until dry If the nitre is weighed on the 
balance pan or even on a sheet of paper, some may be lost m 
transferring it to the vessel in which the solution is made 



Mil 


SOLUTION 


129 


Counterpoise an emptj beaker Weigh into it 5 grams of nitre 
Add about 40 c.c. of hot nater You will naturallj have saied 
time by putting water on to boil whilst weighing , besides, any 
attempt to boil cold water in a beaker at the bottom of which 
there is a duck layer of undissolved solid is liable to crack the 
glass [Wdiy ?] Shake and w arm until all the nitre is dissoh ed 
Pour the solution into a 100 c c measunng flask Rinse the 
beaker three times with warm water into the flask. The liquid 
IS now hot, and wall contract on cooling Run w ater o\ er the 
outside of the flask to cool it Dilute carefully to the mark with 
cold water 

Is there an> objection to filtenng a solution before it is 
diluted ? Could } ou get o\ er the objection ? 

If a solution has to be both cooled and diluted, w hich should 
be done first, and whj ? 

Latent Heat of Solution — You may have obsen^ed 
when some solids ha\e been dissolved in water that the solution 
has appeared to become colder than the water was at first 
Test this by means of a thermometer 
E\pt 13 To find whether the Temperatuie is 
lowered when Nitre is dissolved m Watei — Take 
30 grams of powdered nitre Measure 100 cc of water into 
a tumbler, and read its temperature Add the nitre, and stir 
rapidlj with the thermometer Read the lowest temperature 
reached State thus — 

Temperature of water = 59° F 
,, ,, solution = 45° F 

Fall in temperature = 14° F 

The tumbler feels chilled, and dew may collect on its outer 
surface. 

How' may this absorption of heat be accounted for? It will 
be recalled that heat becomes latent when a solid is melted 
(see page 87) And this expenment seems to show that when 
nitre is broken up by being dissolved in water, heat is also 
required, which can oiily be obtained from the liquid itself, and 
so Its temperature is lowered Some of the sensible heat is 
rendered latent 

your te.acher to test the solution >ou have made with a “Twaddells hjilro 
ineter, to see uhethcr it is of the nght strength 

VOL I - 
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Problems 

Find whether there is, an) change of temperature when the following 
are dissoh'ed in water Take 30 grams of each and too c a of water — 

Sal ammoniac, potassium chlonde, salt, soda cr)’stals, ammonium 
nitrate, Epsom salts 

DISSOLVED AIR IN WATER — Hat e you not noticed 
the appearance of bubbles on the sides of a beaker or flask in 
which water is being heated, before the tvater has begun to 
boil ? These look like air-bubbles, and if they are such, the air 
must have been dissoh ed in the water And if so, the air must 
be less soluble m hot water than m cold water, w'hile the 

reverse is almost al- 
ways the case with 
solids This sug- 
gests heating a large 
quantit) of water till 
It boils, in order to 
see w hether anj air 
IS expelled 
Expt 14 To 
find whether Air 
can be expelled 
from Water by 
Heat — Fill a 16 
oz flask completely 
with water (prefer- 
ably from a spnng 
MTiy^) Fit It with 
a rubber stopper, 
and a glass tube 
bent as m Fig 76, 
one end of which 

IS flush with the 

lower surface of tlie 
stopper Fill the tube witli water, and then push the stopper 
well into the neck of the flask. Support the flask on w ire gauze. 
Let the other end of the tube dip into water in a tumbler 
Fill a test tube wath water and in\ert it above the mouth of 

the tube (Fig 76) Proceed to heat the flask until the water 
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boils Air IS earned o\ er into the tube. After boiling a few 
minutes, remo\e the burner 

Measure the volume of air collected when cool, and also the 
volume of the flask Calculate the volume of air obtained 
from 100 c c w ater A certain spnng water w as found to 
contain 3 cc air per 100 cc water \Vhat do jou find ? 

Taste some of the water which has been boiled in the flask 
It IS A erj" flat and insipid It seems likely that this is due io 
the loss of the dissolved an Now dnnking w'ater is often 
obtained at sea from sea water by distillation , but such con- 
densed water is verj' unpalatable, unless it is afterwards exposed 
m thin streams to the air If such water be then heated as in 
the last e\-penment, air is gi\en off again 

Moreo\er, since atmosphenc air is necessary for the life of 
man, it seems probable that it is the air dissolved in svafei 
svJiich supports the life of fishes and of all aquatu animals 
This IS confirmed by the fact that no fish can lue in water 
w’hich has been boiled 

We ma), therefore, conclude that unless w’ater is boiled or 
distilled It wall contain dissoh ed air, and that the small amount of 
air which is found dissoh ed in water is really obtained from the 
atmosphere 

SOLVENT ACTION OP OTHER LIQUIDS —We 
ha\ e up to the present studied the soh ent action of w ater alone 
upon solids But though water is by far the most important 
and common of liquids, there are many others in frequent use , 
for example, ether and methylated spints Will the same 
substances dissoh e in them as in w-ater? Are those substances 
which are insoluble in water also insoluble in these liquids ? 
Try 

Expt 15 To try the Solvent Action of Ether on 
Tallow — We know from daily expenence that fats and oils do 
not dissolve in waiter But wall tallow, for instance, dissolve in 
ether? Fill a burette w ith ether * 

Place a small lump of tallow in a dry test-tube Add about 
2 ac of ether Shake, and stir wath a glass rod The tallow is 
dissoh ed 

1 Caution Tate care that no flame is near.since ethervapour isverj inflammable. 
Member^ of a class ma> con^enlentl> obtain ether from a burette. 


K. 2 
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The experiment shows that the solvent action of ether is very 
different from that of rvater It is probable, therefore, that 
other liquids uiO also be found which will dissolve substances 
though they may be insoluble in u ater Carrj^ out Exercises 
9 and lo below Tabulate your results 


Problems and Exercises 
Solution 

1 Find whether the substances A, B, C, D^ are 

(a) soluble in cold water , 

(A) more soluble in hot than in cold water 

2 Find whether the following are soluble in water In each case 
state the endence on which you form your conclusion — 

Sulphur, bleaching pow der, pyrogalUc acid, permanganate of potash, 
quick lime 

3 Prepare solutions in water containing $0 grams per looo c c. of 

Common salt , Bichromate of potash 

4- Measure out $0 c c of each of the solubons made in Exercise 3, 
into a glass basin, and find the weights of the dissolved substances 

5 Prepare a solution of common salt containing 5S $ grams per 
litre 

6 Prepare a solubon of silver nitrate containing 17 grams per litre 

7 From the solution made in Exercise 5 prepare a weaker solution 
[ontaining 5 85 grams per litre 

8 From the solution made in Exercise 7 make another solution con 
laming 5 grams per litre 

9 Find whether the following will dissolve in ether at the ordinarj 


temperature — 


Paraffin Oil 

Iodine 

Rosin 

Water 

Olive Oil 

Methylated spints 

Lard 

Nitre. 

Camphor 

Salt 


10 Find the solvent action of (i) methylated spints, (2) benzene on 
he substances given in Exercise 9 


’ Af PbtNOsb KCl Rochelle Salt, silica. 
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CRYSTALLISATION —In b> far the larger number of 
cases the solubility of a substance in water is increased by in- 
crease of temperature Consequent!) , in general, if hot water be 

saturated Avith a substance, some of this substance Mill separate 
out in the solid state when the solution is cooled In many 
cases It wall separate out m crj'stals 
E\pt I To recrystaUise Nitre — I\Ieasure about loo c c 
of water into a small flask and heat it Weigh out about 6o grams 
of nitre Powder the nitre and dissolve it in the hot vater 
Filter the hot solution into a crj'stalhsmg dish, and allow it to 
cool gradually When cold, pour off the solution from the 
crystals which have formed Transfer the crystals to some 
filter-paper, and dry them by gently pressing them vith other 
pieces of clean paper VTiat weight of crj'stals have you 
obtained ? About 40 grams should be obtained Select a good 
large crj'Stal or bundle of crystals, and draw it twice the actual 
size. 

Circumstances affecting Crystallisation — Perfect 
crystals are hard to obtain The conditions of their growth 
are shown by the following cxpenments — 

Exit 2 — Prepare a w^arm saturated solution of nitre in a test- 
tube Dnide it into two equal portions Put one aside to cool 
slowl) Cool the other rapidly under the tap Shake it, and 
rub the inside ol the test-tube with a glass rod \ fine crys- 
tilline precipitate falls In Uie first portion larger, pointed, 
needle-like crj'stils will slowlv form In fact, when 4 solution 
cools slowly, large crj’stals may form , shaking and rapid 
cooling tend to produce small ciystals. 
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Expt 3 — Dissolve some crystals of Glauber’s salt (sodium 
sulphate) in a very little hot water Filter into a clean flask 
Close the mouth of the flask with a plug of cotton-wool to 
exclude dust Allow the solution to become quite cold, and 
avoid shaking it It does not ciystalhse Remov’e the plug 
Let fall some tiny specks of solid Glauber’s salt into the solution 
Feathery crystals start from where the dust fell, and in a few 
seconds the flask contains a solid mass of crj'stals This shows 
that dust particles tend to act as centres round which crystalhs? 
tion may start, and that from a strong solution crystals form all 
massed together 

‘1^ Expt 4 . To prepare good large Crystals of Alum — 
-Trepare a strong hot solution of alum by dissolving 15 grams of 
alum in 75 c c of hot water Cool rapidly to make sure that it 
IS strong enough to deposit crystals (i) If a great many crj'stals 
are formed, pour off the liquid with only a few of the crystals 
Heat gently until the crystals are dissolved Filter the liquid 
into a crystallising dish You have now secured a solution 
which will be saiuraied w/nlst warm, and able to deposit a 
small quantity of crystals on further cooling Place a piece of 
paper ov'cr the dish, and put it away in a cool quiet place 
Examine in an hour’s time If many cry'stals hav'e formed, the 
solution IS still too strong Suppose there are a few crj'stals 
Leav'e them for twenty-four hours Then pick out the six best 
Transfer them with a glass rod to another dish Pour the cold 
''' motJier-hquor" from which they were deposited gently over 
them, and put aside in a cool place Arrange them so that they 
are not in contact Try also suspending a crystal by a thread 
looped around it in some of the mother-liquor After twenty- 
four hours examine them again Remove any tiny ciy'stals 
adhering to them Turn them over so that thev may rest on 
different faces If the alum solution is able to evaporate 
slowly. It will go on enlarging these crystals Notice that they 
are of an entirely different form from that of the crystals of 
nitre. 

(2) If the solution is too weak to deposit crystals, it must be 
concentrated, either by heating it, or by leaving it to ev'aporate 
for several days into the air If, bv heating it, too much water 
is boiled away, the crystals which form on cooling may be all 
massed together To find out when the solution has been 
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boiled down just enough, take out a single drop of it on a cold 
glass rod, and wait to see whether this drop crystallises Do 
not let the rod get hot in the 
solution, for if so the drop re- 
moied would evaporate on the 
hot rod, and ciy'stalhse before 
the bulk of the solution was 
ready to do so 


The shape of a perfect alum 
ciy’stal IS that of the regular 
solid called the octahcdro}i, 
bounded b> eight flat sides or 
faces^ each an equilateral triangle 
(see Fig 77) In less perfect 
specimens tw 0 of these faces are often enlarged at the expense 
of the others 

Almost evciyf chemical substance has a certain shape or 
shapes in w'hich it can crystallise Draw' good-sized crystals 





of rock-salt and of calcspar The crj stals of salt are cubes, 
those of calcspar rhombs On the other hand, crystals of 
nitre are portions of six-sided prisms, w'lth bluntly -pointed 
ends 
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Exercises 

1 Cut a soap model of a sugar crjstal 

2 Cut a cube of soap Mark the centres of the faces uith pins 
Cut atray the comers to the pins so as to Iea\e an octahedron 

3 Cut parallel slices off two opposite faces of the octahedron of soap, 
as indicated in Figs. 78 and 79 

4. Mahe a cardboard model of an octahedron 

WHAT IS A CRYSTAL?— But ^vhat is die distin- 
guishing feature of a crystal? It is a solid of definite shape 
bounded by flat sides or faces which reflect the light But 
does a crystal differ from a pipce of cleverly cut glass ? The 
folloiving expenment may suggest an answer 

Expt s To show a Difference between a Crystal of 
Rock-Salt and a Piece of Q-lass — Take a good crystal of 
rock-salt Break it roughly wth a hammer or m a strong 
mortar Examine the fragments They are all either little 
cubes or portions of cubes No%\ break down a piece of glass 
rod m the same u-ay The fragments are of all shapes, and 
they appear to ha\ e no relation to one another 


Exercises 

1 Crush a crystal of calcspar, and desenbe in words the shape of the 
fragments 

2 Find whether crjstals of potassium ferrocyanide are equally easily 
cut m all directions. 

The crystal of rock-salt seems then to possess definite lines 
along which fracture takes place, while the glass is broken as 
readily in one direction as in another These lines along which 
the crystal can be readily broken or cut are called hues of 
cleavage A charactenstic of a crystal seems to be that it 
possesses a definite structure 

The existence of this definite structure is also impressed upon 
us bv the fact that all the crystals of a gnen substance 
belonging to the same general form, for example cry’stals of 
calcspar, which are rhombs, ha\e the corresponding angles 
equal 
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Expi 6 —To Bhow that the Corresponding Angles of 
Crystals of Calcspar are Equal — Cut two slips of card- 
board Fasten two ends together 
by piercing a pin through them, 
so that they can turn about the 
pm as a pivot Choose two good 
crj'stals of calcspar Place them 
on the bench in the same relative 
position Take up one of the 
crystals, and place it in the angle 
betw'een the two slips of card- 
board, so that each slip lies along 
a face of the crystal (Fig 80) 

Hold the slips in this position 
Now take up the other crystal, 
and see whether the coti espond- 
Tfiq- angle in it wnll fit exactly 
into the angle between the slips 
to do so 

Exercises 

1 Conunre other corresponding angles on the same two ciy’stals of 
calcspar 

2 Compare a third ciy'Stal of calcspar with one of those already 
taken 

3 Compare corresponding angles of crj'stals of 

(а) rock salt 

(б) alum 

(c) chrome alum 

It IS found that how'ever the general shape of a crystal may 
be distorted the correspotidtng angles remain constant 

This IS well shown m snow -crystals, which assume many 
fantastic shapes, but they are all built up from a simple star 
whose rays intersect at 60° 

The thought wall readily occur that it is the stmeture, spoken 
of above, wdiich determines the outw'aid form And it might be 
supposed that a cube of rock-salt consisted of a very large 
number of very small cubes , but this is not necessarily the 
case. 



of cardboard It is found 
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Expt 7 To build Geometrical Shapes with a 
Number of Spherical Balls — (i) Tal^e a number of fives- 
balls or marbles, and pack them m a square so that one ball is 
touched by four others To prevent the balls rolling, enclose a 
square by a cardboard nm fastened at the comers Pile others 
in the hollows between the balls Then add yet another layer 
of balls, and so on Finally, half a regular ociahcdron is the 
result Cannon balls are sometimes piled like this 

(2) Arrange the balls in a triangle, the innermost ball being 
touched by six others Place balls in the hollows as before. 
The result is the comer of a cube 

A cubical crystal is, therefore, not necessanly built up rvith 
cubes 

On the other hand, it may be stated that there is every 
reason to believe that the forms of crystals ate due to the 
symmetncal arrangement of the tiny particles which compose 
them 

SEPABATION ANHD PUBIFIOATION OP SUB- 
STANCES BY MEANS OP OBYSTALLISATION 
— We have found that substances differ greatly in solubility in 
water It follows, therefore, that many mixtures can be entirely 
separated into their constituents by treatment v iih water This 
will be most complete if one portion of a mixture is soluble m 
water while the rest is quite insoluble, 
v.^Expt 8 To separate a Mixture of Sand and Nitre 
" — « e to obtain from it all the sand dry and free from nitre, and 
some of the nitre dry’ and free from sand 
Gnnd some sand and nitre together in a mortar Place about 
10 grams of the mixture in a beaker Add some hoi xvater 
Boil The nitre dissolves, while the sand remains undissolved 
The finer particles of sand are floating m the liquid, but uould 
in time settle We could then pour off or decani into a second 
beaker a liquid which would be a solution of nitre, muddy with 
the finest sand, leaving in the first beaker sand wet with a 
solution of nitre This would be a rough but not a complete 
separation The sand must be washed, and the solution of 
nitre filtered 

Filter tlie muddy liquid It is probably still hot, which is an 
advantage, since a liquid filters most quickly ivhile hot 
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(1) To iccovcr ihc Ntirc from iJtc Solnitoti — If ^^e only 
require so?nc of the nitre, we need not wait for it all to nin 
tlrrough the filter Evaporate the clear nitre solution in a 
porcelain basin on wire gauze until it is sufficiently concen- 
trated to deposit crystals , then pour the solution into a small 
beaker, and cool it by floating it in a tumbler containing cold 
water Drj' the crj'stals on filter-paper 

(2) To clean the sand, which was left wet with the nitre 

solution Pour a little hot water on the sand m the beaker 
Shake. If we w ish to get all the sand, this washing must be 
run through the filter-paper 
Wash similarly several times, 
transferring the sand to the 
paper Some of the sand clings 
obstinately to the side of the 
beaker Use the jet of the 
wash-bottle to dislodge the 
sand, and wash it completely 
on to the filter Wait till the 
liquid has completely run 
through the paper Gently re- 
move the filter-paper from the 
funnel Open it out flat, and 
place It on a pile of four filter- 
papers Place the pile on wire 
gauze on a retort-stand nng 
about six inches above a small 
flame to dry slowly (Fig 81) 

But even when both consti- 

tuents of a mixture are soluble m water, it is possible to separate 
Aem, pro\nded they are soluble m different degrees 
^-k^ExPT 9 To separate Nitre from Common Salt — 
Two Substances which are both Soluble m Water — 
Although both substances are soluble, they are not equally 
soluble. Thus 100 grams of water are able to dissolve 

at 0° C at 100° C 

Nitre 12 gm 247 gm 

Salt 36 „ 38 ,, 

Salt IS almost equally soluble in hot and in cold water Nitre 
js less soluble than salt in cold water, but far more soluble m 



Fig 81 
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hot water What method would jou suggest for separating 
nitre from a mixture of nitre and salt ? Weigh out 30 grams 
of nitre and 30 grams of salt, and gnnd them together in a 
mortar Measure 40 c c. of water into a porcelain basin, heat it, 
and then slide in the mixture Continue to heat uith a small 
flame, and stir with a glass rod , a white granular substance 
refuses to dissolve (what is it ?) Meantime heat a funnel fitted 
with a cone of filter-paper by pounng boiling water through it 
several times, and then at once filter the boiling solution, 
catching the filtrate in a small beaker Cool the beaker by 
floating It in a tumbler containing cold water , long needles of 
nitre crystallise out MTicn cold, pour off the mother-liquor as 
completely as possible, and dry the crystals on filter-paper 
These crj^stals may, howei er, still contain a small quantity of 
salt Redissolve them, therefore, in the least possible quantity 
of boiling water Again cool , much of the nitre again cr)'Stal- 
hses, but there is ample water to retain all the salt m solution 
Dry the crystals on filter-paper Find what weight of nitre has 
been recovered 

WATER OP CRYSTALLISATION 

Try the following expenments — 

Expt 10 To observe the Bflfect of Heat on Crystals 
of Blue VitnoL — Heat a few small crj’stals of blue vitnol in 
a small dry test tube, holding the tube nearly honzontally 
Observ'e that a heavy dew is deposited on the upper part of the 
tube, and at the same time the blue crystals become ashen grey 
and non-crystalhne or amorphous Steam also escapes from 
the mouth of the tube. Allow to cool then add 4 or 5 drops 
of water to the residue in the tube What do you obsen e ’ 

It appears that heat dnves water out of the blue crystals, and 
at the same time destroys their colour and crj'stallme form 
The addition of water to the amorphous residue restores the 
blue colour Can the crj'stalline form also be restored ? 

Expt i i To attempt to recover Crystals by the 
Addition of Water to the Amorphous Residue — 
Warm the test-tube containing the residue, to which a few drojis 
of w ater hav'e been added Pour the hot deep blue solution into a 
watch-glass, and allow to cool Crystals of blue vitnol are formed 
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Then it seems that the cr>'stalline form has been recovered, 
because vater has been added Moreo\er, the rapour ^hich 
was gi\ en off when the crj'stals were heated must have been 
water vapour Water which can be driven off by heat in this 
vay from crystals is called water of crystallisation, and 
generally the crystals can be re-formed b> the addition of water 
We shall find that there are many solid crj'stalhne substances, 
soda crjstals, Epsom salts, nhich contain such water, 
though there are others, nitre, calcspar, which do not 
contain any water 

§ Expx 12 To find the Percentage of Water of 
prystalhsation m Blue Vitriol — Weigh a small dry 
porcelain crucible and hd 
Add I to 2 grams of finelj 
powdered blue \ itriol Weigh 
exactly Place the crucible 
on 1 sand-bath wnth the hd 
on (slightly tilted), pack it 
round with sand (Fig 82) 

Heat It for twenty' minutes 
with the flame about three- 
quarters of Its full height 
Carefully remoi e the crucible 
from the sand-bath so as to 
cool Weigh Re-heat for Fig 82 

ten minutes and again weigh, 

and so on until there is no further loss in w'eight Record 
thus — 

Weight of crucible = 12 35 gni 

Weight of crucible -1- blue vitnol = 14 03 ,, 

Weight of blue wtnol 

Weight of cmcible + residue, heated 20 mins 
Weight of crucible + residue, heated 10 mms more 
Loss m weight 

Hence, i 6S gm blue vitnol lost 
100 gm blue vitnol lost 

Do j ou find the same loss ? 


= I 68 


= 1342 
= 13 42 

= o 61 
o 61 
o 6r 

= 36 08 gm 
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Problems and Exercise 
Crystallisation 

1 Prepare crystals of the following substances — Rochelle salt, 
chrome alum, copper sulphate, ferrous ammonium sulphate, zinc 
sulphate 

2 Prepare crystals of salt by pouring a saturated solution of salt mto 
a soup plate, and putting it where it mi) gradually eiaporate undis 
turbed and free from dust 

3 Pour a dilute warm solution of sal ammoniac oier a warm sheet 
of glass Allow to cool Exarmne the crystals which form with a 
microscope, and draw their shape 

4. Find what happens when crystals of chrome alum are placed in a 
crystallising solution of common alum (potash alum) 

5 Make a mixture of chrome alum and potash alum solutions 
Crystallise 

6 Make mixtures of the following substances, and then separate 
samples of the constituents by means of water — 

Chalk and common salt 
Nitre and charcoal 
Sand and sugar 

7 From the muddy liquid, containing a soluble and an insoluble 
substance,^ separate the whole of the latter, clean and dry 

8 From the given powder,- containing a soluble and an insoluble 
substance, separate the whole of the latter, clean and dry 

9 Find the percentage of insoluble matter in the given mixture - 

10 Separate from gunpowder the part which is soluble in water 

11 Mix thoroughly 40 grams of chlorate of potash with (a) 40 grams 
potassium chloride, (i) 40 grams bichromate of potash Refer to a 
text book for their solubility curves Then separate by crystallisation a 
sample of pure chlorate of potash from each mixture 

12 Find the percentage w eight of waterof crystallisalionin 100 grams 
of the followang substances A, B, C, D, E ® 

I KClCb and MnOj KMnO< and MpO 

= £ c KaCrnO- and CaCOj , KCIO3 and MnO. NaCl and S1O4. 

’ The followang are suitable substances CuSOj sHeO, ZnSOj iHoO, NaoCOa, 
toHjO, MgSOj 7H0O, BaOj oHsO 
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RAW AlATERIALS 

The Earth is the Chemist’s Storehouse — The most 
careless obserrer cannot fail to conclude that the soil and rocks 
which form the crust of the earth are not everj'where of the 
same nature The purple hue of Welsh slate, the transparency 
of Derbj^hire spar, the sombre gra> of Scotch granite, or the 
yellow sands of the sea-shore point to differences of material 
Tlie early alchemists understood this, and stored the different 
minerals and ores they found in the crust of the eartli upon the 
shelves of their laboratories They made evpenments vith 
them in their crucibles and alembics, and succeeded in producing 
many new substances 

So, too, for us the earth is a storehouse, and we ha\e but to 
search it for raw- matenal We may obtain common salt from 
Northwich, chalk from Dover, iron ore from Spain, or saltpetre 
from India With these and other native or raw' materials we 
mav tlien make all manner of expenments and hope to prepare 
new substances 

It wall be wase, therefore, m the first place to obtain some of 
these materials, and proceed to examine them, noting points of 
resemblance and difference. We must carefully obsene their 
appearance, forms, and their colours , their taste and the action 
of w ater upon them may also be tried, and it wall perhaps be 
useful to tr)' the effect of heat upon each , then when a 
mineral is brought to us to be named w’c shall often be able 
to identify it 
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I Common Salt 

Common salt is always present in sea water along wnth other 
substances, and for ages men have obtained it from the waters 
of the oceans If sea water be evaporated, cubical crystals 
of common salt separate out These must be punfied by 
re crystallisation In warm climates the evaporation is often 
done in great basins on the sea shore, and the crystals of salt 
are raked off “Bay salt,” which may be purchased through a 
chemist, shows the cubical crvstals 

Common salt also occurs as huge deposits of rock-salt in 
1 anous strata of the earth The chief of these in England is 
at Northwich in Cheshire, where there are two great beds 
of rock salt, together nearly 6o feet in thickness It is 
probable that this rock-salt was deposited ages ago by the 
eiaporation of sea water A common method of bnnging 
the salt to the surface from these buried stores, is to bore 
dowm to them and to pour water into the boring After lying 
m contact with the salt beds, the water becomes Uioroughlj 
saturated The nch bnne is then pumped up to the surface 
and evaporated One hundred parts b> weight of bnne will 
) leld about 23 5 parts of salt 

Expt Is Cormnon Salt changed by Heat? — Place 
a little common salt in a small dr>’ test-tube Heat it with 
a Bunsen burner The salt is scarce!) changed in appearance 
If the salt .be pu tf?, nojmpour is given off Frequently common 
salt IS moist , if so, a dew' of water wall be deposited on the 
glass A crackling noise is also heard as the cr)'stals break 
and fly into smaller crystals If the flame is a good one, the 
salt may at last melt 


2 Chalk 

Chalk is found nglit across England from Flamborough 
Head, along the Wolds of Yorkshire and Lincolnshire, past 
Newanarket and the Gog Magog Hills in Cambndgeshire, to 
Sahsburj' Plain Thence it stretches in the North and South 
Downs to Dover and Beach) Head Chalk has been shown to 
consist largel) of tlie broken fragments of tiny shells or 
forammifera, such as are now’ forming the gra) ooze or soft 



\v 


RAW MATERIAL 


145 


bed at the bottom of the Atlantic, on which the telegraph cables 
rest (see Fig 83) 

Expt To find the Tiny Shells m Chalk— With a 
camel’s hair brush dust the surface of a lump of chalk into a 
watch-glass containing some water Carefully pour off the 
w ater from the w atch-glass, and then fill it up ag^in \\ ith w ater 
In this way wash the dust again and again wuth water The 
hea^ ler particles sink to the bottom, the lighter are swept away 
Examine the residue wath tlie microscope Real chalk must he 



Fig 83 


used for this expenment, not the soft “ chalk ” used on biack- 
boaids 

For further information the siudent is recommended to read 
Huxley’s “ Physiography” on this subject 
E\pt The Effect of Heat on Chalk Formation 
of Qinc klim e — Heat a little powdered chalk on platinum 
foil in a Bunsen flame It does not change in appearance 
Remove it, and allow' it to cool Taste a very small portion 
It is \ ery caustic, and not earthy like chalk. 

It has long been know'n that when chalk or limestone is ex- 
posed to a \ lolent heat, it is conx erted into this caustic sub- 
stance, called qmckhme 

In chalk and limestone districts you may have seen the kilns 
in which quicklime is obtained by heating a mixture of chalk or 
limestone with a little coal 

Liimestone is the general name given to many stones which 
when burnt in a kiln jneld lime To include all such stones we 
ought to call c//alA and vmtble limestones A large part of the 
Pennine Range consists of hard dark blue-gray stone streaked 
with white, called “ mountain limestone ” It contains numerous 
fossils of shells and corals, suggesting that it Ins once been mud 
at the bottom of a coral sea. It is found from Chenot past 

VOL, 1 T 
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Crossfell incl Ingleborough to the Peak The streams which 
flow over it, like those in chalk districts, are hard Their waters 
dissolve the rock into fantastic caverns 

Another sort of limestone called Doloimie or Magnestav 
Lvncstom extends m a narrow band from the coast of Durham 
past Knaresborough ind Pontefract in Yorkshire, to Notting- 
ham 

3 Soda Crystals 

Up to the beginning of the last century the sea-weeds cast 
up on the coasts of Normandy, Scotland, and Ireland were 
the only source of soda The seaweeds were burnt, and their 
ashes — called kelp — were dissolved m hot water On evaporat- 
ing the liquor, crj'Stals of soda were obtained It is now made 
from common salt in v'ery large quantities and by more 
complicated processes 

(1) Examine and describe some soda cr>’stals They are of 
irregular shape, white, and semi transparent 

(2) Taste a crystal It has a peculiar brackish " alkaline " 
taste 

(3) Shake a few pow dered soda crystals w ith cold water m a 
test tube They dissolve extremely easily Place a drop or two 
of the solution on the palm of the hand, and rub with a finger 
It produces a soap like sensation Hence, the substance is 
called ■washing'-soda, because it is found to have the same 
cleansing action as soap, but it is sometimes simply called 
soda 

(4) Find the effeU of heat on soda crystals Proceed exactly 
as in Expts 10, ii, and 12, p 141 Do you not find that the 
crystals seem to contain a good deal of water of crj'stallisation ? 
How much ? Nearly 63 per cent 

4 Potash * 

When land plants are burnt, an ash is left which contains a 
substance very similar to soda This used to be done in large 
pots, and so the ash was called pot-ash The ash was then 
treated with hot water, and the solution so obtained was filtered 
from any undissolved matter On evaporating the solution, a 

^ Potassium carbonate 
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brown mass of crude potash was obtained To punfy it, it was 
heated strongly, and then re-treated with nater 

(1) Examine and describe potash It is a white granular 
non-cri, stalhne pow der 

(2) Taste a little It has the same alkaline taste as soda 

(3) Try the action of cold water on it It is extremely 
soluble, and the solution produces the same soap-like sensa- 
tion 

(4) Find the effect of heat on potash in a small dr)"^ test-tube 
Does It melt? Is rapour given off? No Potash differs, in fact, 
chiefly from soda in not containing water of crj^stallisation 

5 Saltpetre or Nitre 

In certain parts of India, the soil, after the rainy season, 
becomes covered with small crj'stals of a different salt from 
any referred to so far in this chapter This “ salt of the rock ” 
was called sal peU a: by the alchemist Geber, and is known at 
the present day as salipciie or nitre To separate this sub- 
stance, the soil IS scraped and treated wath water, in w'hich the 
nitre readily dissoh es, and on the evaporation of this solution 
the nitre crj stallises out 

(1) Examine and describe carefully the appearance of nitre 
Make a drawing of a good crj'stal It is a long 6 -sided pnsm, 
with w edge-shaped ends 

(2) Taste a small crystal of nitre. It has a bitter cooling 
taste 

(3) WTiat has been found to be the action of w'ater on nitre ? 

(4) The Effect of Heat on Nitre — Place about i gram 
of nitre crj'stals in a dr}-- test-tube Heat in a Bunsen flame 
The cPy'stals melt, and the liquid seems to boil, and a number 
of little bubbles are evolved Allow to cool It solidifies, 
foming a white opaque cake, which is crj'stalline unless the 
nitre was heated a long time. 

6 Sulphur 

Sulphur or bnmstone (bummg-stone) has been know n since 

V erj' early times, for it is often present in large quantities m 

V olcanic distncts This is particularly the case in the island of 

L 2 
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Sicilj, where it lies embedded in the rocks Examine a 
specimen of natn e sulphur 

Sulphur, we hare already found, is readily melted, and it will 
Itself burn In order, therefore, to separate the sulphur from 
impunties, it is onlj necessary to pile a heap of ore on the slope 
of a hill, and kindle the heap at the bottom , the heat from the 
sulphur which bums is suffiaent to melt the rest, and this 
tnckles dowai and is run into moulds, where it solidifies 

E\pt To prepare "Flowers of Sulptiur ” — Fix a hard 
glass test-tube by means of a cork in the wade mouth of a lamp 
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glass, as drawm (Fig 84) Place a few lumps of sulphur in the 
test-tube. Sling the whole by a string from a nng of a retort- 
stand Heat the sulphur gently It readil> melts, forming a 
mobile pale yellow liquid (at 114' C ), and then it quick!) 
darkens m colour, and becomes as thick as treacle wath more 
heat It again becomes a thin liquid, but it remains ver)' dark in 
colour, and presenth boils , the temperature is then 448' C 
The rapour passes into the globe of the lamp glass , much of it 
is condensed as a yellowish powder, but as the glass walls 
become hot, some ma) collect at the bottom as a liquid, which 
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quickly solidifies The fine light yellow powder is called 

“flowers of sulphtir ” 

This process is earned out on the large scale by boiling 
sulphur in an iron retort, G, and sending the vapours into a 
great bnck chamber, A, 200 cubic metres m capacity (Fig 85) 
After a time the walls of the chamber become so hot that the 
vapour is not condensed as flowers of sulphur, but as a liquid, 
which collects on the floor It is then run out and cast in 
wooden moulds m the form of sticks This is called _roll 
QUlpJiaj’ Thus the 
process is a distillation, 
and all impunties are 
left behind 

Make the following 
simple evpenments with 
some roll sulphur 

(1) Examine and de- 
scribe a piece Crush 
it gently with a pestle 
in a mortar , it is very 
brittle Notice a fresh 
surface, and obsen'e 
that the lump is a mat- 
ted mass of crystals 

(2) Heat a few small 
pieces in a dry test- 
tube, and notice the 
changes it undergoes 

(3) Invert a crucible hd on a pipe-clay tnangle Place a 
small piece of sulphur on the hd, and heat the lid until the 
sulphur catches fire Notice the blue lambent flame, and the 
suffocating “ sulphurous ” odour 

(4) Find whether sulphur is at all soluble m water It is 
quite insoluble ^ 

The effect of cooling molten sulphur rapidly by pounng it 
into water is remarkable — 



Fig 85 


1 Roll sulphur IS how c\'er» soluble in a liquid called carbon bisulphide Shake 
some pow dcred roll sulfur ^v^lh a Utile carbon bisulphidTiHTrdty^srTube The 
^Iphur IS di^lvcd Pour the solution into a watch glass, and let it evaporate m a 
fumc-cupboanU Crystals of sulphur arc recovered 
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Expt To prepare “Plastic Snlpliur” — Fill a large 
hard glass test-tube about one-third full with powdered roll 
sulphur Fill a beaker mth cold water, and invert a funnel in it 
Heat the sulphur cautiously, until it is a verj dark mobile liquid, 
and then pour it in a thin stream into the water, round and 
round the funneL Lift out of the water the funnel with the 
sulphur, and notice that it is no longer crjatallme and hard, but 
soft and elastic like india-rubber 

That this curious substance is still sulphur, though in a 
different form, is shown by the fact that in a few dajs it 
becomes hard and opaque, and like ordinary' brittle crystalline 
sulphur This soft \anety of sulphur is called "plastic 
sulphur ” 

7 Iron Pitutes 

Iron pyntes occurs very widely in many' different places 
When pure it has a brass-like colour Small quantities of it 
may ffequendy be found in lumps of coal 
Examine a piece carefully Perfect crystals of iron py'ntes 
take the forms of the regular solids , the cube and the octahedron 
are common forms 

Expt The Effect of Heat on Iron Pyntes — 
Powder a small quantiU’, and heat it in a dry test-tube. A 
sulphurous vapour is given off, and a vellow deposit of sulphur 
IS formed in the cooler part of the tube, while the mineral 
acquires a deep red colour If the yellow deposit is heated, it 
melts and moves up the tube 

8 Green Vitriol* 

When iron pyntes is long exposed to the air and moisture, a 
greenish liquor is obtained If the liquor is evapiorated, large 
green glass-hke crystals form. These were known to the 
alchemists under the name of grccn vtinol- 

At the present time large quantities of green vutnol are 
obtained in this way from the pyntes occumng in the coal of 
South Lancashire. 

I E-varoine and descnbe same green v itnol 
1 Taste a small crv'stal of green vatnol It has a sweet and 
mky taste. 

1 S-dphateof iron. 


- X.atm r trum^ glass. 
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3 Trj' the action of cold \\ater on It It is readily soluble 

4. The Effect of Heat on Q-reen Vitnol — Place a few 
crystals m a dry test-tube Heat cautiously in a flame It 
melts, boils, and a dew of water is deposited on the cool upper 
part of the tube Soon it becomes dry", and a hard white mass 
IS left Then heat strongly A sulphurous vapour is gn en off, 
and the mass becomes red, where it is m contact with the glass 
This red substance is used as rouge 

9 Blue Vitriol 

The drainage water from copper mines has frequently a blue 
colour If such w^ater is partially evaporated, and the liquid is 
then allowed to cool, fine blue crystals are obtained These 
w"ere known to the alchemists as blue vtirtol 

1 Examine and describe some blue \ itnol 

2 Do not taste blue vitnol It is poisonous 

3 Try' the action of cold w'ater upon it It is fairly soluble in 
cold water, and much more so in hot w-ater 

4. VTiat has been found to be the effect of heat upon crystals 
of blue vitnol ? See p 141 

X 

vno Sal-Ammonuc® 

A remarkable salt was prepared long ago m Egypt from 
camel’s d ung VTien the dung w'as burnt, a hea\'y soot w'as 
deposited, from which the salt called sal-auimomac was made 
In those day's, just as at the present time, it w'as w'ldely used 
as a medicine 

Later, it was prepared from the soot obtained when such 
animal refuse as hoofs, horns, and hair were heated 

1 Examine and desenbe the appearance of sal-ammoniac 
It consists of minute w'hite crys tals 

2 Taste a small quantity It is sharp and cooling 

3 Try the action of water upon It It is very s olub le 

4. The Effect of Heat on Sal- Amm om^ — Place a 
small amount of sal-ammoniac in a dry test-tube. Heat gently 
^J^te„fun)es are., given, off Finally the whole of the sal- 
ammoniac disappears from the bottom of the tube , part has 
escaped into the air, but much is found on the cooler part of 
1 Ammomum chlondu 
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the tube Examine some of this deposit taste it, and trj' the 
action of water upon it It beha^es in exactly the same w'aj 
as the onginal substance 

This is an example of what is called sutiliTnatiOD The 
sal-ammoniac which has been re formed on the side of the tube 
bj the condensation of the vapour of the onginal sal-ammoniac 
IS called a sublimate, and the onginal sal-ammoniac is said to 
hav e sublimed. 


Problems and Exercises 
Raw Matenals 

i Descnbe full) a piece of slate 
2. Descnbe fully a lump of granite 

3 Descnbe full) the appearance of the substances, A, B, C, D, 
E, F > 

4 Find the effect of heat on the substances, G, If, I, J, K, L.* 

5 rdenti5 the substances, M, N, O, P, Q, R ’ 

6 Find whether an) water is contained in the substances, V, AV, X, 

7 \ ou are given a powder - Descnbe 

(1) Its appearance 

(2) action of cold water upon it 

(3) effect of heat in a dr) test tulic 


I Kote far the Teacher — The following arc suitable substances, e r HcO, Hgl, 
PbjOr, NHiNOt, HgS, Sb^ 

- e r NaHCOj, PbvN’Oj)!, ZnSO., 7H;0, KCIO3, camphor, iodine, cobalt 
chloride, Rochelle salt 

^aCI KXOj, CuSO^, CaO NaeCO, 

* eg NaoSOj loHoO, Rock Salt, KNOj, KiCrjO^, ZnSOj 7H2O 


CHAPTER XVI 


THE PREPAKATIOH OF THE COMMON ACIDS AND ALKALIES 

The Alchemists made numberless expenments ^^^th the raw 
or nati\ e materials which they found ready for them in the crust 
of the earth, and learnt ho^\ to prepare many new substances 
Amongst these none ha\e prored of greater importance and 
ha\ e found more frequent use than certain liquids which hav e 
strong acid or “ alkaline ” tastes 

We also must now learn how to prepare these liquids for 
future use, and how to distinguish one from another, by such 
simple tests as u e can discover 

A. THE COMMON ACIDS 
I Oil of Vitnol » 

Expt I Preparation of Vitriolic Acid from Green 
Vitnol- — Weigh out about lo grams of green \itnol crjstals 
into an iron dish or porcelain basin Heat o\er a flame, stirring 
u ith a glass rod until all u ater is expelled and a bnttle u hite 
mass IS left Break the mass into small lumps (but do not powder 
It) Introduce these mto a small retort, (Fig 86) Support the 
retort so that it can be heated bv a naked flame Let the neck 
dip into a little water in a test-tube, b Heat the retort at first 
vnth a small flame, and finall) n ith the full flame for at least 
fifteen minutes Remoic the test-tube Then turn the flame 
down gradually, so that the retort may cool slowly, but the 
experiment is almost certain to result m the destruction of the 
retort 


^ Sulphunc acid 


- Lecture TtUc Expcnmcnt 
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Is the ii'ater in the test-tube still merely n'ater ? Pour two 
or three drops into another test-tube Taste these. The liquid 
has a \ery acid taste. This aad liquid, thus prepared from 
green iitnol, nas called b) the earl} chemists Yitnolic acid. 
\ better method of preparation has been discoiered since the 
time of the alchemists, but this is not the place to descnbe iL 
Transfer the residue in the retort rt on to a sheet of iihite 
paper Obsen e that those portions which were most strong!} 



heated have acquired a deep red colour This substance when 
mixed w ith oil is used largely as a red paint 
E\pt 2 Yitnolic Acid when heated gives off Dense 
White Fames — Pour some of the acid prepared in Expt 
I into a small porcelain cruable Heat it over a small 
flame. It boils dovvm to a small bulk giving off steam Then 
the fumes become thick and white, and possess a pungent 
odour, and the remaining liquid has an oily appearance. At 
once remove the flame, and take the crucible to a fume-cup- 
board. On this account the acid is frequently called Oil of 
vitnoL Another name for it, much used now, is Sulphnnc 
aod. 

Expt 3 The Mixing of Oil of Vitriol and Water — 
Three-quarters fill a test-tube wath water Mark the level of 
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the ^vater on the side of the glass Measure into another 
test-tube about one-eighth of this volume of acid Pour some 
of the acid into the water in a thin stream It sinks to the 
bottom , so the acid is heavier than irater Stir the vater 
round mth a glass rod Add the rest of the acid m the same 
way Grasp the test-tube m the hand The mixture has become 
quite hot, and steams 

Oil of vitnol when mixed with water becomes sometimes 
hotter than the boiling point of water MTiat would happen if 
a little water were poured on to strong oil of vitnol ? Being 
lighter, the water would float on the surface The liquids would 
mix at the bounding surface, and become very' hot, hot enough 
to turn some of the water to steam, and throw the acid about 
w ith explosive violence Hence, ntver pour loaier on to st 7 ong 
oil of vitnol 

Expt 4 To show the Destructive Action of Oil of 
Vitnol — (<r) Wnte a word with some dilute oil of vitnol with 
a glass rod on a piece oi paper Dry the paper thoroughly by 
gently wafting it above a Bunsen flame The paper is charred 
where the aad was traced 

(b) Place about lo grams of lump sugar in a tall beaker or 
jar Add about lo c c of hot w'ater Place the beaker on a 
plate or dish Then add at once about lo cc of strong oil of 
vitnol The mixture blackens at once, and froths up 

(c) Mix I or 2 c c. of oil of vitriol with about lo cc. of water 
Pour the mixture on a small piece of zinc m a beaker or basin 
There is a violent effervescence The zinc is dissolved 

Note on Sulphuric Acid — (i) Should any acid be spilt, throw on 
some quicklime or powdered chalk, and mop up with an old duster 
(2) Never let the acid boil , the fumes are very disagreeable 

After the discovery' of oil of vitnol the alchemists tned the 
effect of heating it w'lth many substances, with the result that 
they were led to discover other acid hquids, as will be desenbed 
in the course of the following pages 

2 Spmt of Salt 1 

Another and liquid was obtained by the alchemists by 
heating common salt with certain substances Glauber, who 
1 Hydrochloric Acid or Munatic Acid 
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lived at the beginning of the seventeenth century, first prepared 
It from common salt and oil of vitnol, and it is alw ays made at 
the present time from these 

Exjt 5 Preparation of Spirit of Salt — Weigh out 
about 30 grams common salt Introduce into a litre flask 
Attach a cork fitted with a thistle-funnel, and a delivery tube 
bent twice at nght angles Attach an inverted funnel, a, to the 
end of the delivery tube by a small piece of rubber tubing 
(Fig 87) Suppprt the flask upon ware gauze on the nng of a 
retort-stand, and place the funnel within a tumbler, b Add 

enough water to the tumbler 
to cover the mouth of the 
funnel 

Measure out 30 c.c strong 
oil of vitnol Pour it little 
by little down the thistle- 
funnel on to the salt Fumes 
are given off, and bubbles are 
forced through the water As 
soon as all the acid has been 
added, heat the flask gently 
Soon the bubbles cease to 
come through the water' 
After a time the water in the 
tumbler begins to fume 
strongly As soon as this is 
the case, remove the tumbler and also the flame Dilute the 
contents of the flask, and pour away 

Has anything passed into the water in the tumbler ? It seems 
probable from the wa) in which it fumes Dip a glass rod into 
the water, and place a very small drop upon the tongue It is 
vnry acid, and has a different taste from oil of vatriol Where 
has the acid come from ? The alchemists thought that it w as a 
spirit which the oil of vitriol had dnven out of the salt They 
therefore called it spirit of salt Later it was called muriatic 
acid, from the Latin tnuria, brine , but the fuming acid liquid 
is now called hydrochloric acid. 

1 Care must be taken that the water in the tumbler does not rush back alone the 
tube into the flask. If it begins to do so, at once heat more stronglj, or remove the 
tumbler 
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It used to be called spirit of mtre It is now usually termed 
mtnc acid 

Although spirit of nitre can readily be obtained by Geber’s 
method, it is now usually prepared by heating nitre wath oil of 
vitnol in place of green vitriol Glauber first prepared it in 
this way, and he called it “ spintus nitn fumans Glauben ” oi 
“ Glauber’s fuming spint of nitre ” 

Expt 7 Preparation of Nitnc Acid from Nitre and 
OilofVitnoL — Weigh out 20 grams of nitre, and measure 
out 30 c c strong oil of ntnol Support a small retort on w ire 
gauze, as shown' in Fig 88 Pass tlie neck into a small dry 
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flask Support the flask under a tap or in a trough, and keep it 
cool mth running m ater 

Slide the nitre into the retort, and pour the oil of vitnol in 
through a funnel, taking care that neither gets down the long 
tube of the retort Replace the stopper of the retort Heat 
gentl> The nitre melts, and the liquid begins to boil A ruddy 
v-apour rises, and drops form and run dorni the tube. A 
yellowish liquid collects in the flask Keep the liquid just 
boiling, but do not let the temperature rise unnecessanly As 
soon as the liquid in the retort begins to thicken, remoie the 
flame. 

Pour the remaining liquid from the retort into an empty 
evaporating basin Put it aside On cooling it hardens into 
a solid mass If this had been left in the retort, it nould have 
been rather difficult to get it out Wash out the retort when 
cold 

Can nitnc acid be evaporated just as spirit of salt (hydro- 
chloric acid ) ? 

E\pt S Is Nitnc Acid 'Volatile? — Tests for Nitnc 
Aci(i.~(T) Pour about 5 cc of the liquid into a porcelain dish 
Heat gently until the liquid is eraporated \'^apours are evolved 
possessing a peculiar odour quite unlike the fumes of oil of 
vitnol or of spirit of salt. 

(2) Place a small drop of the liquid upon a finger nail, and 
another upon the skin of the hand Wash them off after a few 
seconds Bright yellow stains are left. 

(3) Place a small piece of copper in the liquid Red fumes 
are at once evolved, and the liquid becomes green or blue 

Show that oil of vitnol and spint of salt do not attack copper 
m this way On account of the corrosive action of nitnc acid 
It used frequently to be called aqua fortis (/ e strong n ater) 

Trj nhether nitnc acid will attack paper and zinc 

^/' 4. ^Vinegar or Acetic Acid 

Acetic acid is another acid which is frequently used, and 
therefore may be mentioned here, although it is not prepared 
from any matenals which are found natne m the rocks or crust 
of the earth It was the only acid knowm to the anaents 

\\Tien beer ora weak wine such as claret is left exposed to 
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the air, it quickly becomes sour This is because the alcohol 
has been changed into the acid called acetic acid or ^nnegar 
The best way to convert weak wane into vinegar is the 
German “ quick-vmegar process ” A large cask with perforated 
sides IS filled with beech-wood shavings, which are moistened 
with a little \ inegar Weak wane is then poured m at the top, 
and It tnckles slowly through the shavings, and the liquid which 
collects at the bottom is again and again poured dowm until all 
the alcohol is changed into vinegar A kind of fungus called 
mycoderma accit is found on the shavings, and it is this which 
m the presence of air effects the change 
Expt 9 Is Acetic Acid Volatile ?— Heat about 5 c c of 
the acid m a basin Observe that the vapour has a ver)’’ pungent 
odour, which is quite different from that from any of the other 
acids Little or no residue is left 
Try whether acetic acid w’lll attack zinc, coppei, 01 paper 

(B) SOME COMMON ALKALIES 

We must now learn a little about some substances ver>' 
different m character from the acids, w'hich the alchemists also 
knew how to prepare 

I Caustic Soda 

It w as found long ago that if a solution of soda cr> stals w as 
heated w'lth lime the solution changed m character and 
acquired a very caustic nature. You will have an opportunity 
of trying this yourself later (see Volume II) 

If such a solution is allowed to stand till clear, and is then 
evaporated, a white non-erj stalhne solid is obtained Apiece 
of this solid or of the strong solution will quickly cause a blister 
when placed upon the skin It also destroys vegetable fibre, 
eg wood or filter-paper On this account it is called caustic 
soda, and must be handled w ith care 

Obtain a piece of solid caustic soda. Examine it, and seehow' 
readily it dissolves m water 

Dilute W'lth a large amount of water a little of a solution of 
caustic soda, such as is in a bottle on your shelf Taste it, and 
notice Its soapy “ alkaLuie ” nature Wet your fingefs with 
the solution they feel soapy and slipper}' Next time }Our 
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hands are greasy wth oil, try washing them in a dilute caustic 
soda solution They will become beautifully clean A stronger 
soda solution w'ould remove the skin as well as the dirt 

V' 2 Catistio Potash 

Another caustic solution is formed if a solution of potash is 
heated wath lime If the clear caustic solution is evaporated, 
a white solid is obtained which is almost exactly similar in 
appearance to caustic soda Moreover its solution m water has 
a very similar caustic and alkaline natuie 

This substance is called enustte poiasJi It is usually sold in 

white sticks 

3 Volatile Spirit of Sal-Ammoniac or Ammoma 

E\pt io Preparation of Spirit of Sal- Am moniac or 
Ammoma —Weigh out lo grams sal-ammoniac Powder it 



Dr)' It by heating it gently in a basin on a sand-bath Allow 
It to cool Meantime weigh out 15 grams quicklime, and 
powder it Mi\ the two together Put the mixture m a large 
dr)’ test-tube. Fit the tube with a cork and a delivery tube 
bent once at right angles Attach an imerted funnel to the 
deliver)' tube Support the test-tube on the nng of a stand, 
so that the funnel dips into a tumbler half filled wath water, 
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wath Its mouth belcnv the surface of the v'ater, as shown m 
Fig 89 

Heat cautiously by vrafting the flame about under the tube. 
At first bubbles of air are forced up through the water, and tlien 
these cease Heat fiv e minutes longer Take care that the n ater 
in the beaker is not sucked into the test-tube. Then remo\ e 
the beaker, and aften\ards die flame 

Obser\e the pimgent and peculiar odour the water in the 
beaker has acquired As this liquid w-as acquiied by heating 
sal-ammoniac wath lime, the early chemists called it the 
volatile spirit of sal-ammomac It is now usually called 
amiQoma 

Ammonia can also be prepared by heating shaiangs of horn 
Indeed, this method of preparation was at one time so commonly 
used that the pungent liquid came to be knowm as “ spints of 
hartshorn,” a name which is still common for it 

Expt II Tests for Ammonia — (i) Pour a htde of the 
solution into a porcelain crucible. Heat over a small flame. It 
IS quickly e\ aporated, and the rapours possess the charactenstic 
odour already obsen^ed 

(2) Dip a glass rod m strong hjdrochlonc acid Hold it in 
the vapours ansing from the solution Dense w hite fumes are 
formed 

Repeat wuth a rod dipped m sulphunc acid and m nitnc acid 


4. Lime Water 

Expt 12 Slaked Lime is somewhat Soluble m 
Water — Half fill a test-tube w ith w ater Add some pow dered 
slaked lime Shake The liquid becomes white and milky 
The lime has not all dissoh ed Perhaps some of it has dis- 
sohed Allow the test-tube to stand The white mud, which is 
only in suspension, begins to settle. In time it wall all settle, 
and lea\ e the liquid quite clear To sa\ e time filter the liquid 
Evaporate a drop on platinum foil A white stain is left, show- 
ing that some of the slaked lime was dissoh ed 

Slaked lime, then, is slightly soluble m w ater The solution is 
called lime water Obser\ e its alkaline taste. Lime water is 
generally prepared by shaking quicklime wath water and allow- 
VOL. I 

M 
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ing It to settle. The shaking is repeated to strengthen the 
solution The clear liquid is then decanted or sjqihoned off 
The acid and alkaline solutions e ha\ e been studying are 
commonly spoken of as aads and alkalies 


Problems and Exercises 
The Common Aoids and Alkalies 

1 Find the effect of evaporating the liquids, A, B, C, D, E,^ in a 
porcelain basin 

2 You are given samples of the follomng jiairs of liquids Dis 
tinguish the members of each pair 

Oil of V itriol and nitnc acid 
Hydrochlonc acid and nitnc acid 
Oil of vitriol and acetic acid 
Acetic acid and ammonia. 

3 Find the effect of heating i part of nitre vvnth 2 parts of green 
vitnol in a small retort the neck of which dips mto a little water in 
a flask 

4. Find the effect of heating sal ammoniac vvnth oil of vitriol, as in 
ExpL 5 

S Find the effect of heating Chile saltpetre with oil of vitnol, as in 
Evpt 7 


' Note for Teacher -e^ NaiOH, Ca(OH)j, H2SO4, HCl, HNO3, CH3 COOH 
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THE ACTION OF ACIDS AND ALKALIES UPON LITMUS— THE 
FORMATION OF SALTS 

Chemists found 200 years ago that the aad and alkaline 
substances ue have just learnt to prepare had a cunous effect 
on certain vegetable dyes Of these dyes htmus is one of those 
most readily acted on, and it is therefore verj' suitable for our e\- 
penments It is a solid blue substance, uhich is extracted from 
certain lands of lichen 

Expt I To make an Inftision of Latmus — ^Weigh 
out about 5 grams of solid htmus Gnnd it up in a mortar, and 
transfer into a flask. Half fill the flask mth cold water, and 
shake well AUou the ponder to settle, and then pour off and 
throw away the liquor In this w'ay certam impurities are n ashed 
out of the litmus 

To the residue add loocc of water, and heat the flask nearly 
to boihng for a few minutes Allow to settle ^ (if possible for 
some hours m a warm place) Decant off the intensely blue 
solution from the sediment, and place the solution m a bottle. 

Expt 2 To find the Effect of Acid and Alkaline 
lAqnids on the Bine Litmus Solution. — Let us wnte 
dorni the names of the acid and alkaline liquids w e have on our 
shelves . — 

Acid liquids Alkalme liquids 

Sulphunc acid Caustic soda, 

Hydrochlonc aad Caustic potash 

Nitnc aad Ammonia 

Acetic acid Lime-water 


r If tune does not allow of this, filter a portion of the hqtior 

M 2 



i64 introduction TO STUDY OF CHEMISTRY chap 


Tr)' the effect of each of these liquids on the blue htmus solution 
in the followng way — Fill one-third of a test-tube with uater , 
add 5 drops of the htmus solution by means of a pipette or piece 
of glass tubing , then add 5 drops of each liquid, and stir 
Carefully observe any change in colour by looking down the 
tube. State the effect you notice in a table thus — 


Liquid taken. 

Kffect on the Blue Litmus solution. 

Sulphunc acid 
Hjdrochlonc acid, 
etc. 

Change to bnck-red colour 


You have probably found that all the acid liquids turn the 
blue htmus solution red, while all the liquids possessing an 
alkaline instead of a sour taste leave the litmus solution blue, 
or render it still more blue By this colour change, then, it seems 
that ive can readily distinguish betw een an acid and an alka- 
line solution But have no other liquids beside acid and alkaline 
solutions any colour effect upon litmus ? This question must be 
tested by experiment 


Problem 

Fmd whether blue litmus solution is affected by alcohol, benzene, 
a solution in water of common salt, washing soda, or of any other 
substance you can think of State your observations m a table. 

Expt 3 To make Red and Blue Litmus Papers — 
Take a strong blue infusion of htmus, some very w'eak nitnc 
acid, and some very w eak caustic soda solution Dmde the blue 
htmus solution betw'een tw'o porcelain basins To one portion 
add a few drops of the dilute acid till it is just reddened To the 
other portion add one drop of the w'eak caustic soda solution so 
that it has a blue colour Soak pieces of blotting-paper in each 
solution Dry' them as on p 139 Then cut them into stnps, 
and keep in a glass-stoppered bottle. 
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Problem 

Tr}' the colour effects of acid, alkaline, and other liquids upon these 
red and blue litmus papers, by putting drops of the liquids upon stnps of 
each kind by means of a glass rod State what you observe in a table 
thus 


Liquid 

Effect on Red Litmus 

Effect on Blue Litmus. 

Sulphunc acid 
H)drochlonc acid, 
etc. 

No visible change 

Red colour 


Expt 4 To try the Dehcacy of the Litmus Test for 
an Acid — Add a cubic centimetre of strong sulphunc acid to a 
litre of water Shake u ell Tlie acid is now diluted one thousand 
times Put a drop on a blue litmus paper It is reddened Find 
whether the acid can still be detected when this weak solution is 
made 10 times and 100 times w'eaker still 
Expt 5 To prepare a Purple or Neutral Litmus 
Solution — Take some blue litmus solution in a porcelain 
basin, ver}"^ weak acid solution, verj' weak alkali, and a pipette 
Drop the dilute acid into the blue litmus solution, and stir 
w ith a glass rod until the colour is half-w'ay betw’een red and 
blue Probably you will overstep the mark If so, add the 
dilute alkali drop by drop very carefully If the litmus changes 
m colour sharply from red to blue, weaken both the acid and 
alkaline solutions, and trj' again 
You wall at last succeed in getting a purple or neutral 
litmus solution, intermediate in colour between red and blue 
To ti\o portions of the purple or neutral litmus solution add 
acid and alkali respectively One changes to red and the other 
to blue Then, if we keep a stock of this one neutral solution, 
we can use it to detect both acids and alkalies, instead of using 
both red and blue solutions or papers 

Keep the neutral litmus solution in a glass-stoppereo bottle ’ 

1 If the solution loses its colour, the colour will be quicbly restored on remonng the 
stopper and shaking the solution with a little fresh air 
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Problems 

I Prepare blue purple and red purple litmus solutions, intermediate 
in colour between liluc nnd purple, and red and puqilc rcspcctir cl) 

2 . Find nhether lime juice, smp, nnegar, washing so<la, bieirlionntt 
of soda, common salt, nitre, l>ora\, milk, «our iniik, etc., base an) 
cficct on neutral litmus solution 

3 Find the cffecLs of acids and alkalies upon solutions in alcohol ot 
meth) 1 orange and phenol phthakin , and upon infusions in n atcr of 
red cabbage, logwood, and aiolct leaves. Fill one third of a test lube 
with water add one drop of tlic solution, and then one drop of anaad 
or alkali b) a pipette 


THE POBMATION OP SALTS 

We have found that of the acids and alkalies known to us — 

1 \n aad reddens blue htniiis, and leaves red litmus tin 
changed 

2 An alkali turns red litmus bhic, and leaves blue litmus 
unchanged 

W hat vv til be the cflccl of mixing an acid watli an .alkali m the 
presence of litmus ^ 

Fxpt 6 To find the Result of adding Hydrochloric 
Aotd to Caustic Soda until the Liqtnd is Neutral — 
Place about lo c.c. of strong caustic soda solution in a basin 
Add a /cTL’ drops of litmus solution so that n is distinctl) blue 
Fill a pipette with dilute h)drochIonc acid Run the acid care 
fill) drop by drop into the basin, stirring continuall) until the 
colour suddcniv changes trom blue to red Then add some 
ven dilute caustic soda solution until the liquid has a neutral 
or Molet tint Test also with litmus paper 

WTiat IS there now in the solution ^ Is it simplv a mixture of 
the acid and the caustic soda’ Suppose we find out what is 
left when the liquid is evaporated, for vou will remember that 
h)drochlonc acid, or spirit of salt as ir used to be called, is 
volatile, so that we ma) expect to dnve off the acid and have 
onlv the caustic soda left 

Evaporate the solution on wire ga^I^c until the residue is dr) 
There will probabl) be some spurting, but tins does not matter, 
as we do not need to weigh the residue in this expenment 
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Do youobsene the escape of any acid fumes? Does the 
solution still remain neutral as it evaporates ? 

Do you recognise the residue? Has it the appearance of 
caustic soda? Dissolve a little in water in a test-tube, and try 
whether the solution is alkaline or acid Taste a very small 
portion Do you not find it to be common salt ? 

Here, then, is an unexpected and important result. By the 
neutralisation of caustic soda with hydrochlonc acid w e do not 
obtain merely a mi.\-ture of the t\vo wnth properties which are 
betiv een those of the aad and the alkali On the contraiy^, w'e 
find common salt to be produced, a substance which is ^ery 
different m its properties from either of them Is a similar 
result met with when other acids and alkalies are “ neutralised ? ” 

Problems 

Find the products on neutralising — 

1 20 C.C. causUc potash wnth nitnc acid 

2 20 c,c ammonia with h}drochlonc acid 

E%aporate each solution, till the residue is drj, in a basm over a 
flame Carefullj examine and endeaxour to idenUfj the substances 
w hich you obtain b> reference to appearance, taste, sohent action of 
water, and the action of heat in a dry test-tube. 

Salts — You hane probably found after carrynng out these 
problems that in each case a solid cry'stalline substance is 
obtained, which is neutral to litmus and has a salt-like taste 
Other neutral mixtures of acids and alkalies might be made, 
and m each case you would obtam a neutral saline product 
These substances are called Salts The term “ salt,” then, as 
w e shall use it in chemistry', applies not only to common sea-salt, 
but also to saltpetre and sal-ammoniac, and to many others, 
such as Glauber’s salt and Epsom salts 

So far, then, as we can say at present a salt ts a substance^ 
crysialhnc trt appearance^ saline in taste, neutral to litmusyiulitch 
ts obtained by the action of an acid upon an alkali 

Old. and. New Names — You ha\e doubtless noticed that 
in the prevnous chapters we ha\e sometimes gi\en n\o names 
to the same substance — an old name, such as w as used by the 
alchemists — and a new name adopted in more recent times 
Fossils are records of the history of the progress of life on the 
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earth Fossil names mark the progress of a saence. For 
example “ Spmt of salt,” was the name grven quite suitably b> 
the alchemists to the \olable liquid obtained b> distilling salt 
wath oil of -vatnol The investigations of chemists dunng the 
last hundred years have honever led to the abandonment of tlie 
name "spirit of salt” and the adoption of the name “hvdro- 
chlonc aad ” And because this latter name is the one that is 
probably to be found on the bottles in the laboratoiy', it will be 
more com enient to use it, although n e cannot ourselv es as y el 
attach any meaning to it, as ue can do to “ spirit of salt ” Hence 
as a matter of conv enience a e shall adopt m many cases the 
more recent name, although as a matter of pnnciple it would be 
better to retain the earlier name until we have found out for 
ourselves the reasons for emplojang what is really the more 
suggestive name. 

The older names are still often used in commerce and in the 
household, while the more recent names find favour in the 
laboratory 

Names of Salts — Salts are named after the aads from 
which they are formed Thus — 

Salts formed from sulphunc aad are called sulphates 

,, mine aad ,, nitrates 

„ hydrochloric aad „ chlondes. 

,, acetic aad ,, acetates. 

The salt formed from caustic soda and hydrochlonc acid is 
called clilondc of soda Nitrate of potash can be made from 
caustic potash and nitnc aad. For reasons which wall appear 
hereafter, chlonde of soda is more often called sodium chlondc, 
and nitrate of potash potassium miratc 

Some of these substances may be recognised in taste and 
appearance as already famihar under other names 

It wall be conv enient to hav e a list of these names of salts and 
of some other substances at hand for reference — 


Table of Synonyms 

Old or Household Names Nerjo Names 


Oil of vatnol, or vitnohc acid 
Spint of salt, or munaUc aad 
Spmt of nitre, or aqua fortis 


Sulphunc aad 
Hydrochlonc aad 
Kitnc aad 
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Old or Household Navies 
Vinegar 

Washing soda, mild alkali, or soda 
crystals 

Caustic soda, or caustic alkali 
Potash 

Caustic jjotash 
Sal ammoniac 

Spint of sal ammoniac, hartshorn, 
or ammonia 
Common salt 
Nitre or saltpetre 
Chile saltpetre 
Epsom salts 
Green vitriol 
Blue ntnol 
Chalk 
Quicklime 

Shked lime or lime water 
Fi\ed Air 
Fire Air 
Spoilt Air 
Inflammable Air 
Nitrous Air 

Volatile Sulphurous Aad 


New Names 
Acetic acid 
Sodium carbonate 

Sodium hydrate 
Potassium carbonate 
Potassium hydrate 
Ammonium chlonde 

Ammonium hydrate 

Sodium chlonde 

Potassium mtrate 

Sodium mtrate 

Magnesium sulphate 

Ferrous sulphate 

Copper sulphate 

Calcium carbonate 

Calcium oMde 

Calcium hydrate 

Carbonic acid, carbon dioxide 

Oxygen 

Nitrogen 

Hydrogen 

Nitnc oxide 

Sulphur dioxide 


Problems 

1 You are provided witii a stick of caustic potash and with some 
strong nitnc acid Prepare a well crystallised sample of nitre 

2 Try to prepare dry and clean crystals of a salt — sulphate of 
potash — from a sbck of caustic potash and some sulphunc acid 

3 Find whether the solutions A, B, C, are aad, alkalme, or 
neutral 
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GRAPHIC REPRESENTATION^ 

Areas of Countries — It js often difficult to read quickly 
figures which state the sizes of things, and the figures often give 
no clear idea to the mind Thus it may be stated that — 

Area of Bntish Isles = 121,115 sq miles. 

Area of Indian Empire =1,700,000 ,, 

,, ,, under Native rule = 750,000 ,, 



But a much clearer picture of these areas is obtained il a 
diagram is made showing squares drawn in proportion to these 
numbers as in Fig 90 

* The authors call the attenUon of teachers 10 Prof Perry s " Six Lectures at 
Jcrm>n Str«t in 1899 (Eyre ondSpoui«\oodc,6</), from 'which they have pbtaincd 
some valuaDie suggcstionsi ^ 
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National Income — Again, look at the following statement 
of the national income for the year 1900 

Excise 100,000 Stamps ^^^7, 825,000 

Customs 26,252,000 Land Tax 755,000 

Propicrty and Income House Duty 1,720,000 

Tax 26,920,000 Crown Lands 500,000 

Estate Duty 12,980,000 Suez Shares 830,000 

Post Office 13,800,000 Miscellaneous 2,243,000 

Telegraph Service 3,450,000 

;,fi30, 384,000 
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Large quantities like these are not easily grasped, but their 
relative sizes may be shown by drawing on paper lines propor- 
tional in length to each The most convenient paper is what 
IS called “squared paper” Tins is covered ivith parallel 
horizontal and vertical lines at equal distances, and every tenth 
line IS more distinct than the rest On a sheet of squared 
paper draw a honzontal line, AB, along one of the thick lines 
Then lines dravai at right angles to AB may be taken to repre- 
sent millions of pounds If, as is convenient, the paper is ruled 
m inches and tenths of an inch, a line one inch long may be 
taken to represent lo millions of pounds On this scale of a 
line one inch long representing lo millions of pounds, proceed 
to draw with a sharp hard pencil straight lines at nght angles 
to AB, to represent m order the above items of the nation’s 
income (see Fig 91) Test the accuracy of your diagram by 
reading from it the magnitudes of the several items, and com- 
paring your readings with the above table 


Barometric Reading's — The following numbers show the 
height of the barometer at York, in inches, on each day of 
October, 1899, at 9 a m 


October I 

29 45 inches 

October 17 

30 34 inches. 

2 

29 60 

iS 

3039 

3 

29 78 

19 

304s 

4 

29 79 

20 

3044 

5 

30 14 

21 

3042 

6 

30 19 

22 

30 27 

7 

30 20 

23 

3006 

8 

3039 

24 

29 95 

9 

30 27 

25 

2989 

10 

30 18 

26 

29 84 

II 

3001 

27 

29 76 

12 

29 87 

28 

29 77 

13 

29 71 

29 

29 70 

14 

30 16 

30 

29 75 

15 

30 23 

31 

29 84 

16 

30 29 




These barometnc heights might be represented by a row of 
31 straight lines, as in Fig 91, all standing in order upon one 
honzontal line, but it will be sufficient to mark the io/)S only of 
these lines by points Moreover, since each height exceeds 
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29 inches, v e need only represent the heights abox/e 29 inches, 
and so make the diagram more compact. 

Begin, therefore, by drawing two lines OX and OY at right 
angles to one another (see Fig 92), along two of the thick 
lines upon squared mch paper (These are often called the 
axes) Mark ever}^ tenth line along OX, 10, 20, 30, and along 
OY mark O as 29, and the next thick line 30, and the next 31 
Proceed to mark points on the paper w ith a sharp-pointed hard 
pencil to represent the above barometric heights 



Further, since the barometer changes continuously from one 
height to the next, -we may indicate this by joining the points 
by fine, short, straight Imes, as m Fig 92, for according to 
the data we do not know how the barometnc height may 
have ■\aned dunng each twentj'-four hours The irregular 
hne so obtained is called a barometnc curve 

Reference to a self-recording barometer w'ould probably show 
that the height did not change between the successn e readings 
quite regularly, as our curve imphes Sometimes the barometer 
is read more often than once a day Thus at the office of the 
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Daily C/rvntc/e in London it is read four times a daj , the 
barometric cur\ e consequent!} takes a more ■s\-a\-} appearance. 
This IS shown b} the thick ■n-a\-\ line in Fig 93, which shows 
a Dai/y Chroride weather chart for four da\s. 

Obsene that there was no reason to join the tops of the 
straight lines in the Retenue Diagram (Fig. 91), because the 
lines m it represent different things, not one thing which \anes 
continuous!} m magnitude. So also if w e w ere to plot the dail} 



rainfall we should not attempt to draw a cune connecting the 
measurements, since the quantit} of ram changes abruptl\, not 
contmuoush , from one da} to another 


EXERCISES 

In the following exercises plot the tabulated quantities on 
squared paper In all cases state on the paper what it is }ou 
hai e represented, and also name the different scales In 
choosing the scales aiend those which would make the diagrams 
either too large, too long or broad, or too crowded. 

1 From G-esoT Sinmoa^s Eln-zaiaiyy PHs^cs nrjl CArrTiiW, Pan 1^ 
p. 141 
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5 Date of Apj/earatice of IVtld Flowers'^ (A.verage of lo years ) 


The numbers give the date counting from 
numbers 1-31 indicate dates in 

Hazel 32 


Coltsfoot 

52 

Primrose 

54 

Lesser Celandine 

60 

Sw eet Violet 

71 

Anemone 

76 


Marsh blnngold 77 


Coivslip S I 

Cuclcoo flower 95 
Bluebell 1 13 

Crab 116 

Upright Butter 
cup u6 


January i , eg , 

the 

(anuarj 


Purple Orchis 

124 

Han thorn 

135 

Red Clo\ er 

137 

Forget me not 

148 

■\Vhite Clover 

155 

Wild Rose 

170 


6 Barometric Readt7igs at York, January 


Jan 1 

3044 ms 

Jan 1 1 

29 81 ins. 

ijan 21 

2 

30 16 

12 

3032 

1 22 

3 

29 89 

13 

3039 

23 

4 

30-09 

'4 

30 30 

24 

5 

2998 

IS 

3049 

25 

6 

29 61 

16 

30 60 

26 

7 

29 83 

17 

3054 ; 

27 

8 

3004 

18 

30 54 ! 

28 

9 

3008 

19 

3048 

29 

lO 

30 17 

.20 

30 28 

30 

31 


30 30 ms. 
2998 
2963 
29 62 
2941 
29 09 

28 67 
29-25 

29 68 
29 54 
29 78 


7 Barometric Readmes at York, December \88b 


Dec. I 

29 77 ms. 

Dec. 11 

29 31 ms 

Dec. 21 

30 35 

2 

29 86 

12 

29 TO 

22 

29 So 

3 

30 02 

13 

29 69 

23 

29 62 

4 

29 64 

14 

29 59 

24 

29 47 

5 

29 96 

15 

29 18 

25 

29 78 

6 

29 62 

16 

29 33 

26 

29 81 

7 

29 21 1 

17 

29 64 

27 

29 66 

8 


18 

29 58 

28 

29 69 

9 

28 18 

19 

29 74 

29 

29 78 

10 

29 oS 

20 

3004 

30 

3030 


1 



31 

30 56 


8 Maximum and Minimum Temperatures 
Observed at Manchester, durmg parts of September and October, 1895 
Plot on the same paper 



Maximum 

Jdimmum 

Sept 20 

64° 7 F 

44° 4 r 

21 

65” 2 

43° 0 

22 

70° 3 

44° ■0 

23 

75° 8 

43° 7 

24 

81” 2 

56° 4 

25 


61° 6 

26 

78° s 

54° 5 


1 At Actworth, Yorkshire. From The Natural Htetory Journal, i 838 , p 116 
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Maximum 

Mtmmum 

Sept 27 


81“ 5 

58:1 

28 


83“ 9 

55^3 

29 


81“ 4 


30 

T 

76° 9 

52 2 

Oct I 


71° 9 

52° 4 

2 


52° 0 

47 3 

3 


58" 8 

36° I 


9 Sunshine and Ram 

Observed at Manchester, dunng parts of September and October, 1895 


Sunshine Rain 


Hrs 

Sept 20 4 

21 7 

22 S 

23 5 

24 6 

25 4 

26 ,4 

27 7 

28 7 

29 8 

30 6 

Oct I I 

2 I 

3 o 


Mins 

Ins 

38 

— 

14 

— 

48 

— 

56 

— 

15 

0 041 

14 

0 017 

30 

0032 

40 

— 

56 

— 

32 

— 

32 

— 

24 

— 

8 

0 792 

43 

0 226 


10 Average Heights and Weights of Children ^ 


Age 

Bovs 

Girls 

last birthda> 

Height 

Weight 

Height 

Weight 

5 years 

41 74 ms. 


41 47 ms 

39 82 lbs. 

6 

44 10 

45 14 

43 66 


7 

46 21 

49 47 

45 94 

48 02 

8 

48 16 

54 43 

48 07 

52 93 

1 9 

SO 09 

59 97 

49 61 

57 52 

10 

52 21 

66 62 

51 78 

64 09 

II 

54 01 

72 39 

53 79 

70 26 

12 

55 78 

79 82 

57 16 

81 35 

13 

58 17 


58 75 

qi 18 

14 

61 08 

99 26 

60 32 


IS 

62 96 

no 84 

61 39 

loS 42 

16 

65 58 

12367 

61 72 

II2 97 

17 

66 29 

128 72 

61 99 

1 15 84 

iS 

66 76 

132 71 

62 01 

115 So 


^ From Annual Report of State Board of Health, Massachusetts, 1877 
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Pressure of Water Vapour — On page 98 a table w as 
given of the pressure of irater vapour measured in millimetres 



Temperature in Degrees Centigrade 

Fio 94. 

of mercury at vanous temperatures This may be repeated 
here and somewhat extended 


will 
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jnperature 

o°C 

Pressure 

4 + mm 

Temperature 

60° c 

Pressure 

148 + mm 

10° „ 

9 + 


70°,. 

233 

+ 

20° „ 

17 + 


So°„ 

354 

+ >> 

30° M 

31 + 


90° >. 

525 


40 „ 

54 + 


100° „ 

760 


50° » 

91 + 


105° „ 

110° „ 

906 

1075 

+ JJ 

+ )> 


Proceed to mark these measurements by means of small 
crosses upon squared millimetre paper, marking degrees Centi- 
grade off along a horizontal aMS, and mm of mercury up from 
It along a \ertical axis (see Fig 94) Obser\e that a cun ed 
line may be drawn sweeping through the points marked by 
these crosses Endea\our to draw the cune.^ Any fault m 
the cune can be more readily detected if the paper is held m 
such a w-ay that the eye can look along it, close to the paper 
Obsen e (see F ig 94) — 

(1) That the of the cune becomes steeper and steeper 
as the temperature nses this show s \ er> clearly that the pres- 
sure of water lapour increases much faster as the temperature 
nses 

(2) That the cun'e enables us to find the pressure of water 
^apour at temperatures Ijang between those at which actual 
measurements ha^e been made e s; the curve show s that the 
pressure of w ater r apour at 85° is measured by 430 mm of 
mercurj' Values obtained in this waj are said to be obtained 
by interpolation Thus the careful plotting of a few accurate 
measurements enables us to obtain many other values 


Solubilities of Sobds — It has been found in Chapter XIII 
that the solubility of a solid m water usually changes wath 
change of temperature. This is seen in the followang statement 
of the quantities of nitre, salt, and chlorate of potash, which 
can be dissohed in 100 grams of water at certain different 
temperatures — 


^ Ncte on Dra'snnga Cur—e tkrosig:k a Xumher of Points 

(i.) Put needles m at the points marked bend a stop of whalebone or a 
round them, and then rule the hne with a penaL 
(u.) the curve freehand, keeping the wnst on the tnszd£ of the cnrv’c 

drawing, so that the natural motion of the band round the %vTist 
as centre may help in forming the curve. SketA the Une with a. pencil. 

TST 
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1 Nitre 

Silt 

Cliloralc of Potash 


0° c 

1 13 gm 

35 Sgm 

3 


10“ 

1 21 

35 § 

4 


20“ 

1 31 

36 I 

6 


30° 

45 

3 h 4 

9 


40“ 

64 

366 

13 


S°o 

1 86 

369 

18 


55 ° 

100 




60° 


37 2 

24 


70° 

1 

37 5 

32 


80° 

1 

37 8 

40 


90” 

i 

38 1 

49 


lOO*" 

1 

1 

3S4 

60 


The meaning of these numbers, each one the result of n 
careful evpenmcnt, can be best seen if they are plotted on 
squared paper 

Along a horizontal a\is on a sheet of squared millimetre 
paper, mark off ieviperatures from o” to ioo° C , and mark off 
solubthtus {t e grams of solid dissolved m too grams of water), 
from o to too grams up a v ertical a\is Proceed to mark the 
measurements of the solubility of mtre by crosses upon the 
paper Obsenethat a curved line might be draw n sw cepmg 
through the points so marked Endeavour to draw the curve 
This line is called the solubility curve of mtre Similarly 
proceed to draw on the same sheet of paper the solubiht> 
curv'es for W/and chlorale of potash (see Fig 95) 

A solubility diagram is not only a record of expenments it 
also supplies the key to many problems This will be under 
stood after w orking through the follow ing examples — 

Examples XIII ^ 

[7h be answered by reference to the diagram jou have made ]” 

1 How many grams of nitre will dissolve in 100 grams of water at 
4°. at 35°, at 45°? 

2 At what temperatures wall 100 grams of water be just saturated by 
5 grams of potassium chlorate, by 19 grams, by 55 grams? 

3 How much more chlora e of potash wall dissolve m 100 grams of 
water (i ) at 60° than at 15°, (u ) at 80° than at 55° ? 



Temperatures 
Fig 95- 

5 WTitch of the three substances is the most soluble (n) at ko\ 

(ii.)atio°? ^ ’ 

6 Bj how many grams per degree does the solubflity of chlorate of 
potash increase between 8o® an<5 loo"? 
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7 At whit temperature lOO grinis of water pist dissohc (i ) 25 
gnms of nitre, (11 ) 25 grams of potassium chlorate? 

8 IIow much water will just dissohe {1 ) 90 grams of nitre at 30", 
(it ) 20 grams of chlorate of potash at 8o°? 

9 How manj grams of nitre will cnstallisc out when a solution of 
nitre in loa grams of water, saturated nt 35°, cools to 10° ? 

to How could I make a solution containing 25 grams of chlorate 
of potash per lOD grams of water, using a thermometer but wathout a 
balance ? 

Volume of 1 gram of Water at Different Tempera- 
tures — It IS a fact of far-rcacliing importance that water has 



at 4"" C a greater dcnsita than at o''C This bchaaiour of 
water, as it approaclics its freezing point, is an exception to the 
almost unncrsal fact that liquids contract on cooling Water 
at 4' C if heated expands, .as we should cxpec* Now i gram is 
b} definition the weight of i c.c of water at 4° C , and therefore 
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I gram of ^\ater below or above 4° C occupies more than i c.c 
The following table shows the volume of i gram of water at 
\ anous temperatures — 


0° C I 000129 C.C. 

1° I 000072 

2” 1 000031 

3° I 000009 

4° 1 000000 

5° I 000010 


6° C I 000030 C.C 

7° I 000067 

8“ I 0001 14 

9° I 000176 

10° I 000253 


These \olumes differ \ery slightly in actual magnitude, only 
m the last three places of decimals , but nevertheless, on plotting 
them, such scales may be chosen that the diagram shall be 
of a reasonable size, and so that the differences between the 
\olumes shall be evident It wall be necessary to magnify the 
scale representing the \olumes Use squared inch paper, 
mark temperatures along a honzontal axis, and mark volumes 
along a vertical axis, letting each o i inch represent o 000010 c c 
Draw a curve through the points (sec Fig 96) 


Tunes of Stmnse and Stinset —An almanac predicts the 
follownng times of sunnse and sunset for a part of September — 



A 

B 


Surrtse 

Sunset 

Sept 16 

5 SSa m 

6 12 p m 

17 

5 40 

6 9 

iS 

s 41 

67 

19 

5 43 

65 

20 

5 44 

6 2 

21 

5 46 

6 0 

22 

5 48 

558 

23 

5 49 

5 55 

24 

5 51 

5 53 

25 

5 53 

551 

26 

5 54 

5 48 

27 

5 56 

5 46 

28 

5 57 • 

5 44 

29 

5 59 

5 42 

30 

6 I 

5 39 


Plot the predicted times of sunnse on successn e days upon 
squared paper, markmg days of September, starting wnth the 



i84 introduction TO STUDY OF CHEMISTRY chap 


15th along a horizontal ems, and times starting with 5 30 
vertically up from it (Express the minutes as decimals of an 
hour) Join the points marked, and obsene that the joining 
line IS not a regular curve (see Fig 97, A A) \Vhy is this ? The 
times tabulated are not quite accurate , they are only stated to 
the nearest whole minute And, indeed, it will frequently be 



found that a senes of nol qutic accurate statements ivill give an 
irregular cur\'e such as this 

So, also, laboratory expenments involving measurements are 
certain to contain some errors, and if the obsen'ations are 
plotted, the joining line wnll be somewhat irregular 

In such cases, if we are confident that the points ought to be 
connecte^ by a smooth line, we may draw evenly among the 
points a smooth line Proceed now to plot the predicted times 
of sunset obserx'e that a straight line may be drawn passing 
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evenly among the points (see Fig 97, BB), / ^ so that there are 
as many points on one side of the line as on the other This 
line represents the most probable connection between the times 
of sunset, and even enables us to see winch of the tabulated times 
are incorrect^ either too early or too late 

Pnee Lists — The price of any article frequently vanes 
from time to time A record of the pnee, which can be read at 
a glance, is afforded if the pnees are plotted Thus Fig 98 is 
a record of thejirzee of india-rubber isova. 1877 to 1898 It shows 



that 101877 the pnee per lb wasaboutzy 21/, and in 18781J \\d ^ 
the lowest pnee in the senes of years In vhat years was a 
maximum pnee reached ? 1883 and 1898 Between what G\o 

years was there the greatest change in the pnee ? 1 883-84- 
Again, the pnee of any one kind of manufactured article 
vanes with its size Suppose a manufacturer of lantern screens 
wishes to publish a pnee list of vanous sizes Suppose he has 
made screens 6, 9, 12, and 15 feet square, and arranged their 
pnees thus — 

a screen 6 feet square fj 5 o = 25 

n 9 „ » 1176=1 875 

.. i2_ „ „ 3 10 o = 3 50 

j) ^5 600=6 00 


^ C^uotfd W Gregory and Simmons, from the Kem Bulletin, ya Elementary 
Physics and Chemistry 
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Let him plot these sizes and pnees on squared paper as in Fig 
99, and draw a curve through'the points 
Any point on the curve then shows the size and the probable 
pnee of a lantern screen The manufacturer can now read oflF 



e 7 8 0 10 n 12 13 14 ie 

Side of Screen in Feet 

Fig 99 

the probable pnees of other sizes of screen , for instance, he 
finds — 

a screen 7 J feet square should be pneed 9 o 

n to ,, jj 260 

»» 14 n I) n II 5 ® 

This calculation of pnees of screens in size lying betuem 
those of which the pnees are known is another illustration ot 
the use of interpolation 

Population — The following numbers give the population 
of England and Wales at inten'als of ten years dunng the 19th 
century — 

i8oi 8,893,000 I 1821 12,000,000 

i8n 10,164,000 I 1831 13,897,000 
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IS4I 

15,914,000 

[ tSyi 

22,712,000 

IS51 

17,928,000 

iSSi 

25,974,000 

IS6I 

20,066,000 

iSgi 

29,003,000 


Plot these numbers on squared paper, and drav, a curve 
hang er enh an ong the points marked, as m Fig ico 

From the curve we can state what was the probable popula- 
tion of England and IVales m anj particular ) ear between iSoi 
and 1S91 But also, bj continuing the curve beyond the last 
plotted pomt corresponding to 1S91 we can find out what it was 
likdv to be in 1901, ten j ears after the last census in the Table. 

e see that in igoi the population of England and Wales was 
likel} to be about 32^ millions ^ Obsen e also that the slopt of 
the cun e becomes steeper and steeper as the v ears advance ; 
this means, of course, that the rate of increase of the population 
becomes greater and greater 

Paper for ciirve plotting’ is manufactured m squares 
of T*}; inch side, mth even tenth line thickened , also in square 
raiUimetres and cenumetres , also m larger squares as exerase 
books b} the educational stationers 

Paper ruled on the English scales, the square inch and its 
fractions, in great vanetv, of the best, is made bj Messrs 
Waterlow and Sons, Limited, 85 London Wall, E C Good ten- 
to-the-mch paper maj be obtained from The Scientific Publish- 
mg Co, 53 New Bailej Street, Manchester 

Good millimetnc rulings mav be obtained through Jvlessrs 
Wilhams and Norgate, foreign booksellers, Hennetta Street, 
Covent Garden 

Some of the saentific instrument dealers stock useful quali- 
ties, Hams of Birmingham, and Revmolds and Branson of 
Leeds The paper sold by the educational stationerv shops is 
less accurate, John Bellows, Gloucester, can do good work, to 
order 

Large sheets of “ design paper,” not quite so finely ruled, but 
in great vanetv of squares and oblongs, are used for lace 
designmg in Nottingham, and may be obtained through 
stationers m that town, cg^ 2vlessrs hlountenev 

r According to the ccr.s^ tatea on April i, 1501, the population of Enslnnd and 
yvales IS ntrs- (igot) 5-,5e5,o75. ^ b 
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EXERCISES CURVE-PLOTTma 

In the following exercises plot curves to represent the tabu- 
lated quantities Tliose scales should be avoided uhich are 
ob\aously inconvenient Scales should be so chosen that the 
plotted curve is not crowded in one comer of the paper No 
exercise is completed until the scales and the names of the 
plotted quantities are clearly indicated on the paper 


I Grams of Solid dissolved in \oo grams of ivaier 



2 Pressure of Water Vapour above loo^ C 


Temperature. 

Pressure 

Temperature 

Pressure 

100° C 

T 

atmosphere 

165° 3 C 

7 atmospheres 

112° 2 


)) 

198° 8 

IS •> 

120° 6 

2 

9 ) 

201° 9 

16 ,, 

133 ° 9 

3 

JJ 

204° 9 

17 

144° 

4 

99 

207° 7 

18 „ 

152 ° 3 

156° 2 

5 

6 

99 

99 

210° 4 

213° 0 

19 

20 „ 


3 Density of Water between o° and 20” C 

0° C o 99988 12° C o 99955 

2° o 99997 14° o 99930 

4^ I 00000 16 ° o 99900 

o 99997 18 “ o 99840 

0 o 999S8 20° o 99807 

10” 099974 
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4 Price List of Bottles, \\hite glass, English, stoppered 

Capacitj oz i I 2 3468 lo 12 16 20 

Price per doz. 4/ 4/6 5/6 6/ ^\- 8/- 8/6 lo/6 12/ 14/- 15/ 

Does it appear that the pnee list has been correctly made 
out? 


5 Price List of Basins, porcelain, Berlin, for evaporation 

Diameter inches 2J 3} 33 4 4 } 

Price, each -/4 /6 -/8 /lo 1/ 1/2 


43 

1/6 


6 Zrj/' of Rubber Corks, solid, 

Diam small end, in inches ? i 8 3 
Pnee per doz, 1/6 i/g 2/4 3/ 


J I li 

4/3 4/9 6 /' 7/9 


Diam small end, in inches rg rg rj 2 23 2J 2/I 

Price per doz. 9/ 10/- 11/3 12/6 16/ 22/ 33/- 40/ 


7 Zw/ e/" Filter Papers, Rhenish 


Diameter in cm 

42s 

55 

7 

9 

II 

Price per 1000 

2/9 

2/9 

3 /- 

4/ 

4/9 

Diameter in cm 

18 5 

24 

27 

32 

385 

Pnee per 1000 

8/9 

1 5/9 

22/- 

26/10 

31/6 


8 Population of -Scotland 


1811 

1,806,000 

1861 

1821 

2,091,000 

1871 

1831 

2,364.000 

1881 

1841 

2,620,000 

1S91 

1851 

2,889,000 


Estimate the population of Scotl.and in 1901 


12 5 IS 

5 / 7/3 


3.062.000 

3.360.000 

3.736.000 

4.026.000 


9 Premiums for Life Insurance — To insure the payment of 
fjoo at death, the Goiemment requires the following 
yearly premiums to be paid throughout life. (Chanee 
the shillings and pence into deamals of ) 



v\'m 


GRAPHIC REPRESENTATION 


igr 


Age of Insurer 

Premiums 

Age of Insurer 

Premiums 


I S 6 

40 



I 13 0 

45 



I 17 6 

50 



230 

55 



296 

60 



What premium should be paid if the insurance is made at the 
age of lo years? 


10 Conversion of Fahrenheit and Centigrade Temperatures 


32° F 

= o°C 

140° F 


60° c 

50“ 

= 

158° 

=: 

70° 

68° 

= 20 

176° 

— 

80° 

86° 

= 30° 

194° 


90° 

104° 

122° 

= 40 
= 50 ° 

212° 

r= 

100° 


By interpolation find 

(a) What C temperatures correspond to 41® F and 77° F 
(<5) » F „ „ is-C „ 95° C 

II Logarithms of Numbets 

Loganthm of 310 = 2 49136 

„ „ 311= 249276 

„ „ 312 = 2 49415 

.. » 313 = 2 49SS4 

„ „ 314 = 2 49693 

.. » 315 = 2 49831 

By interpolation find tlie logarithms (to 4 places of decimals) 
°^ 3 t 0 4 . 3” S, 312 55, 314 12, and 31486 


12 


Logarithms of Numbers 



Number 

Logarithm 

Number 

Logarithm. 

I 

0 000 

6 

0 778 

2 

0 301 

7 

0845 

3 

0477 

8 

0903 

4 

0 602 

9 

0954 

5 

0 698 

10 

I 000 


B} interpolation find the logarithms (to 2 places of decimals) 
of J 5 , 2 3, 5 8, 8 I, 9 26 
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13 Times for hghiiug Cycle iMUtfs ^ 

Januarj 21 5 2S r M Jul> 21 9 2 1> M 

I'ebniarj 21 6 24 August 21 8 lo 

March 21 712 September 21 71 

April 21 b 4 October 21 55 

Maj 21 S 50 November 21 5 3 

June 21 9 jg December 21 4 51 


14 If a smooth cun'e can be drawn among a senes of plottci 
points, It IS probable that tlierc is a relation betueei 
the two sets of quantities plotted Find whether ther 
IS a relation between the Distances of ihe Planets fron 
the Sun, and then Times of Revolution round the him 



IS Find whetlier there is any connection betw een the quantitie 
tabulated below — 



Lithium 

Sodium 

Aluminium 

Potassium 

Iron 

Zinc 

Sliver 

Tin 

Iodine 

Platinum 

Mercury 


Specific Heat 

“ Atomic Weight " 

094 

7 

0 29 

23 

0 20 

27 

0 i66 

39 

0 II 2 

56 

0093 


0056 

loS 

0054 

118 

0-054 

127 

0032 

195 

0 032 

2 CX> 
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16. Tv^if Freezing-Potni of Carbolic Aad — Fid one-qnarter 
a narro-n- t^Mube viib pare cr-stallised carbolic aad 
Piunge the bulb of a tfcermometer mto it and fix tbe tube neari/ 
honzontalli ui a damp Warm tbe tube 1 eix- gently until all 
the carbobc aad is melted but do not let tie temperature rise 
abo* e 50' C Then ailov the tube to cool, and read the 
temperature accura'ely ei er^ half-mmi-te. until it falls to nean_ 
30* C Betr een the readings stir gently mth the thermometer, 
but take care not to take the bulb o^t of the carbohc add Plot 
%-our obserratioiis, markmg temperatures along the ' ertical 
axis. V.Tiat temperature does the cune sho'^ to be the 
&eer.ng-p3int of carbolic aad ' * 

I/. The Frcczine^-Pcinf of Sulphur — Proceed as in No r6, 
but take readings ererj 15 seconds, as the temperature falls 
from 150' to 100' C 

iS The Freezing-Point of Paraffin iVax. — Proceed as in No 
16 but take readings e\ery 15 seconds, as the temperattue fails 
from 60' to io’ C 


jYofe — Interasting additional exercises may be obtained from 
Whitakers Almanac. Chamberrs Matbeinaticai Tables, the 
Nautical Almanac, and from the dalL neivspaoers 


■Cl_ I 


o 



EXAMINATION PAPERS 


The following papers ha\e all beenactuallj set m schools as terminal 
examinations upon the subject matter of this \olume Not more than 
two hours w'ere allowed in each case The avetagev^t of the Forms 
examined was not less than I3i years nor more than 15 years 

(a) 

1 What roughly represents (a) length of i decimetre ? 

{b) volume of i cubic centimetre ? 

How man) grams are there in i ounce? 

2 Add, expressing the answer in grams and decimal of a gram — 

I Kgm + 20 mg + 3 C + 5 D + 200 mg 

3 Add, and ex-press the sum ip, c c. — 

h litre + 20 c c +200 decilitres 

4 A tin measures 150 mm high, 12 cm broad, and 24 cm deep 
How many kilograms of water will it hold ? 

5 If I metre of wire weighs 120 centigrams, what will lie the length 
of 60 milligrams of the same wire? 

6 Write out a list of the w eights in a box where the least is o 01 gram 
and the greatest too grams 

7 Draw a portion of a burette stem including the figures ro, ii, and 
12, and show the surface of water wthin it standing at 10 t8 c.c 

8 Describe fully an expenment which shows that a liquid expands 
when heated 

9 Wnte a description of a mercunal thermometer WTiat numbers 
mark the “fixed pomts” on a Fahrenheit thermometer? 

10 Draw the apparatus used to mark the boiling point on a 
thermometer 

11 Find (a) the C readings corresponding to 122° F and 14° F 

lb) „ F ,, „ „ 20° C and - 5° C 

1 12 Descnbe some way in which the volume of a glass stopper could 
be found. 
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13 If one end of a straw is dipped into some lemonade and you suck 
at the other end the lemonade ascends the Straw How do you account 
for this ? 

14. Describe in detail hou to set up a mercurial barometer What 
will be its usual height in inches ? 

v^Why does the height of 1 barometer change sometimes, 

(a) in the course of a railwa} journey ? 

(i^) at the same place in the course of a few hours ? 

^^5 What differences are there between the two flames which can be 
obtained with a Bunsen burner ? State exactly what kind of flame and 
what part of the flame } ou would use 
{a) to bend a glass tube, 

(i) to smooth the sharp edge of a glass tube. 

16 A beaker is full of powdered ice and a thermometer is plunged 
in it State fully 

{a) what changes you will see, 

(^) what temperatures the thermometer will show if a flame is left 
under the beaker until all the ice is melted, and the water 
formed finally boils 

17 Explain what is meant by the statement that when certain sub 
stances are heated “physical changes” may take place Gne one 
example 

I S Draw a Liebig condenser in section 

{c) 

19 Find la) the F temperature corresponding to iS° C 

(b) „ C ., 23 °F 

20 How have you proved that there is 1 vacuum abov'e the mercury 
in a barometer tube ? 

Why does the mercury stand so high ? WTiy does it not reach up to 
the top of the tube ? 

21 Descnbe what occurs on heating 

(а) tin in an iron spoon, 

{( 5 ) mercury in a glass test-tube, 

(r) olive oil in a flask 

22 Explain fully why the tumblers of water on the dinnei table 
sometimes become bedimmed with dew 

23 Define or explain the terms — 

la) the “ melting point ” of a solid, 

( б ) the “ solv'ent action ” of a liquid, 

(c) the “ latent heat of vaporisation ” of a liquid 

24 Draw carefull}' a wash bottle 


O 2 
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25 What do jou understand by the terms “hard ” and “soft” as 
applied to water ? What would be the effect on the “ hardness” of a 
“ hard ” water of — 

(a) shaking it with washing soda, 

((}) shaking it with gj’psum, 

(f) boiling It, 

{d) distilling It ? 

26 to c c of a solution of salt were found to weigh It S6 grams, 
and to leaae 3 05 grams residue aAcr cvajioralion Calculate the amount 
of salt dissohed in too grams of water 

id) 

27 Define the “ relative density ” of a sulislancc ? 

You arc provided with an irregular lump of granite De*scnbe in 
detail two methods bj which you could find its relative density Which 
w ill give the more accurate result ? 

28 A gloss stopper weiglis 60 grams in air, 35 grams in water, and 
40 grams in spirits Find the relative densitj of the spirits 

29 A clear liquid is said to be pure water Describe all the 
cvpenments jou would make In order to prove whether it is so or not 

i ) ' 30 You arc provided with some surface soil, which contains a small 
quantity of nitre Describe in detail how >ou would obtain from it 
])urc cry stals of mtre 

31 What IS “water of crystallisation”? Instance two kinds of 
crystals which contain it, and two kinds vvhich do not 

32 Calailatc the solubility of potassium chlorate at the ordinary 
temperature if 16 14 grams of solution on evaporation are found to 
Contain i 01 gram of Inc sulistance 

<4 


33 Plot the following barometric heights in pencil on squared 
paper — 


June 

I 

30 16 ins. 

Tune 9 

30 35 ins. 


2 

2994 ,, 

to 

3025 „ 

»♦ 

3 

3024 „ 

» II 

3025 „ 

»» 

4 

30 14 

» 12 

30 II .. 


5 

30 iS 

.. 13 

30 13 .. 

M 

6 

3023 „ 

14 

2999 » 


7 

3030 » 

.. 15 

3005 0 


8 

3035 




34 Explain clearly hovv it is tliat (e) sitttshrne, and [b) wmd increase 
the rate at vvhich a wet road dries 

35 When a long frost is followed by a few warm days the walls 
inside a house are often found dnpping w ith moisture Account for 
this 
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36 You are provided with some muddy water Descnbe m detail 
vow you would prepare some pure water from it 
i|237 Define a calorie, and the specific heat of a metal 
Calculate the specific heat of a metal if — 


Weight of metal 25 gm 

Volume of water 5° ^ 

Temperature of hot metal 100° C 

,, cold water 1 1° C 


,, water after experiment 15° C. 

38 Draw carefully the apparatus which was used to measure the 
atent heat of vaponsation of w ater 

39 If the L H of liquefaction of ice is 80, and the L H of vaponsation 
af water is 540, calculate the amount of heat required to change i gram 
af ice at 0° C. into steam at 100° C 

(/) 

40 Four expienments were made to find the percentage of water m a 
crystal — 

(a) 2 64 grams lost o 65 when heated 
(i) 2 97 )> » ® 75 >> >> 

W 2 33 >1 >» t) 5“ >) >) 

(rf)2o6 „ „ 052 ,, „ 

Calculate m each case the percentage loss in weight, and also the 
average result 

41 If you were given a muddy liquid contaimng a soluble and an 
insoluble Constituent, descnbe in detail the steps you would take — 

(a) to separate the whole of the soluble portion, 

(b) to obtain a specimen of the soluble portion 

in crystals, if possible. 

42 Descnbe how you w ould disbnguish betw een — 

saltpetre and sal ammonia, 
caustic soda and washing soda, 
sulphunc acid and nitnc acid 

43 Draw the apparatus required fo the preparation of hydrochlonc 
acid 

Name the chemicals used 

44 What do you call the substance which can be made from hjdro- 
chloric acid and caustic soda ? 

If the acid was in strong solution, and the soda in solid sticks, 
explain m detail how you would prepare a sample of the pure compound 
free from any admixture of the onginal substances 

45 ^Vhat are Some of the properties of sulphunc acid ? What is the 
ciTect of warming it with some nitre crystals ? 



PRACTICAL EXAMINATIONS 


The followng practical tests have all been terminal examinations 
which have been actually set m schools The average age of the Forms 
examined was not less than 13 J years nor more than 15 years. 

(a) I Hodr 

1 Make a list of, and add up the weights on the pan of the balance 

2 Read the lev el of water m the burette. 

3 Read the temperature of the runmng water 

4. Measure the distance betvveen the i stand lothhneson} our paper 
(a) in inches and decimal, 

( 3 ) m centimetres and decimal 

5 Add water to the measuring jar so that it contains cxactlj 86 c.c 

6 Weigh the glass stopper 

7 Weigh the beaker then measure into it 5 limes bj means of the 
pipette 100 grains of water What does the water weigh? Calculate 
what I gram of water weighs. 


(4) I Hour 

8 Read (a) the level of the liquid in the burette, 

( 4 ) the volume of water in the measunng jar 

g Select a (mrk to fit the test tube Fit it with a glass tube bent 
twice It right angles 

to \ ou are provided with a substance A.^ 

(1) Describe its appearance. 

(2) Describe the effect of heating a small quantity in a dry test 

lube. 

(3) Find whether it is soluble in water State how jou proceed 
{4) Find the effect on the temperature of too c.c. of water of 

adding 30 grams of A to it, and stimng 


1 AmO. 
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(c) Hours 

11 Find the relalue density of the glass stopper 

12 Describe the appearance of B ' 

Heat some of B m a dry test-tube Describe in detail « hat you 
observe 

13 Find the percentage loss in weight ^^hen about 2 grams of B are 
heated in a crucible upon a sand-bath 

14. Find the action of water, both hot and cold, upon B 

Prejiaie from B as large crystals as the time permits — ^both clean and 
dry' Desenbe your method 


(d) Hours 

15 Heat C^ ma dry test-tube. Describe nhat occurs 

16 Identity the two solids D and E, and the t«o liquids G and H 

17 You will be provided with a slick of solid caustic jKitflsh Prepare 
a good specimen of the salt which can be obtained from it and 
sulphuric acid. 

(e) lA Hours 

18 You are provided with a solution of a certain substance® — 

(a) Fmd the relative density of the solution 

(ij Prepare by crystallisation some of the dissolved substance 
Leav e a spiecimen for inspiection 
(r) Desenbe the appearance of the crystals obtained 
(d) Heat some of the crystals in a dry test-tube, and describe 
m detail what you observe 

(c) Fmd the percentage loss in weight when about 2 grams of 
the crystals are heated in a crucible upon a sand-bath 

(/) lA Hours 

19 Fmd the percentage loss in weight when about 2 grams of K'* 
are heated in a crucible 

20. What IS the action of w'ater upon K? State what experiments 
you try 

21 Separate from K a sample of each of the two substances which 
It contains. Desenbe your method 


1 Powdered 2nS04 7H0O = Hglo 3 ZnSOj tHqO 

* SO per cent. SiOo -b 50 per cenL CuSO^ 5H3O 
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Examples I 


Metric Pfe/txes length {Page ii ) 


I 

50 cm 

10 

12,345 6 cm 

2 

100 mm 

II 

40 

3 

10,000 m 


5000 

4 

1,000,000 mm 

13 

4 cm 

5 

0 I dm 

14 

2 Km 

6 

0 ooooor Km 

IS 

120 cm 

7 

4 56 dm 

16 

4 

8 

234,000 era ! 

17 

40,000 

9 

0 9 cm 

18 

4 


Exampli s II 


Metric Square Measure Area (Page 14 ) 


1 100 sq dm 

2 10,000 sq cm 

3 60 sq cm 

4 24 sq cm 

5 625 sq mm 


6 100 sq cm 

7 64 

8 25,000 

9 ig6Jc\\L 
10 sq yds. 


Examples III 


Metru Cubic and Capacity Measure (Page 18 ) 


I 

1000 c c. 

9 

56,780 C.C. 

2 

27,000 c c 

10 

1200 C C 

3 

15,625 cu mm 

II 

600 CU mm 

4 

1000 cu mm 

12 

4320 c c. 

5 

1,000,000 c c 

13 

2 litres 

6 

3000 C.C. 

14. 

400 

7 

200 C.C. 

15 

324,000 hires. 

8 

I 234 litre 

16 

SJ days 



iM ^ jO 
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Examples 

Melrtc System Weight (Page 19 ) 


I 10 dgm. 

10 ingm. 

7 S91 Kgm. 
o 2 gm 
oX)5 gm 
6540 gm 
o I gm. 

8 34 mgm. 

9 250 mgm. 

10 3 25 gm. 


11 25 202 grp 

12 1023 4 gm 

13 25 c c. 

14. 27 gm 

IS 1150 gm 

‘ 16 Sooo gm 

I 17 1350 gni- 

I 18 55 C.C. 

i 19 5 gm 

I 20 I gm 


Evaaiples V 


Metric Sy stem Miscellaneous (Page 21 ) 



(«) 


ic) 

I 

20 

13 

1920 c c. 

2. 

50 

14 

S075 

3 

20 mgm 

15 

6gm 

4- 

1370 gm. 

i6 

;Ci 25 

5 

2777 7 cm per sec. 

17 

5 m 

6 

0 01 gm. 

18 

23 7 Km 


(^) 

i 

(^ 

7 

1450 632 m. 

' 19 

2400 71 gm. 

S 

100 sq cm 

20 

100 gm 

9 

4 32 cu. dm. 

21 

20 limes. 

10 

04gm 

1 22 

50 gm 

II 

05 gm. 

i 

1370 gm 

12. 

30 48 cm. 

24. 

37 037 ounces. 


Examples VI 


Burette Reading (Page 35 ) 


A 

27 j 

2. I 

I 68 

B 

43 - 

K 

13 32 

C 

67 

L. 

10 68 

D 

830 

1 M 

23 2. 

E 

1 14. 

i 0 

46 8 

F 

136 

P 

632 

G 

235 

Q 

868 

H 

26s 

R. 

680 




Evami’les VII 



htUtpohhoK 

CotU'cmoH 0/ TbcrmoDiel) ic Scales (Page 46 ) 

I 

63 


10 

50” c. 

n 

I 31 


II 

68’ F 

3 

S SSi p m 


12 

23” F 

4 

I 361 


13 

40 I F 

5 

77 “ F 


14 

4 “ 4 C 

6 

41“ r 


IS 

- 10’ C 

7 

176° r 

1 

16 

- 20° C 

8 

10 C 

J 

17 

12’ R 

9 

35 “ C 

1 

iS 

68’ F 



Examples VIII 


Rclahve Diiuiltes of Lttjtuds 

(Pig<- S 3 ) 



k) 


1 

147 gm 


6 

674 C.C 

•> 

Soo gm 

i 

7 

nil i c c. 

3 

0 862 

1 

S 

I 25 C.C. 

4 

1 023 


9 

50 c c. 

S 

Water 


10 

25 cc 



( 



11 

0 

0 

iS 

150 c c 

12 

38 09 C.C. 


>9 

250 c c 

13 

70 85 gm 


20 

923 

14 

36 2gm 


21 

2800 gm 

IS 

940 


22 

98 

16 

1 026 


23 

20 s<] mm 

17 

60 C.C 







Examjies 1 \ 



Re lair 

e Densities of Sohds 

(Pige 57 ) 

I 

(I) 89s 

5 

8 


(2) 7 2 

6 

22 8 gm 


( 3 ) 0 25 

7 

I 79 iVt 


( 4 ) 114 

8 

fo os tj^d 

2 

2 7 

9 

50 ox. 

3 

0 b 

10 

0 001 c,c. 

4 

2 5 , 2 r4, la 
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Evamples X 

Relative Densities of Solids (Page 59 ) 

I 25 13 IM 

27s I 4 145 gm 


Evamples XI 


I 


Relative Densities of Solids (Page 63 ) 


17 5 
2 72. 

2 00 
2 62 

Copper 8 gi 


6 37-6 gm 

7 7 7 ll>s 
S 2 4- 

9 08 

10 8 6 


Examples XII 


(<7) Specif c Head (Page 1 1 7 



:n 25° C 
w 56° 8 C 

2 1 475 calones 

1' 403 75 » 

ui 60 ,, 

IV 8800 „ 

3 o 057 -f 


4 

5 

6 

7 

8 

9 

10 

11 


0 034-P 

05 


3 ' 75 c 
o” 94 + C 
51* 2 C 
2’’ 9 C 


154 3 + gm 
333 3 gm 


(3) Latent Heat (Page 118 ) 


12. 80,000 calones 

13 1 784- 
1' 785 

lu 80 6 
14. 65° 4 C 


15 

16 

17 


186 2 gm 

I 

II 

717 calories 



Examples XIIL 


I 

3 

4 

5 


Solubility Curves (Page 180 ) 


54. 74 gm 
16°, 52°, 95' C 
(1 ) 19 gm 
(11 ) 19 gm 
77° C 

(l ) Nitre. 

(m) Sail 


6 I gram per degree. 

7 (» ) 14° 5 C 
(u ) 61° C 

8 (1 ) 200 gm 
(ii ) 50 gm 

9 33 gm 
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Examination Papers (Page 194 ) 


2 1000 75 gm 

3 20,520 C.C. 

4 4 32 Kgm 

5 5 cn’ 

II (fT ) 50 C and - 10“ C 
((^ ) 68° F and 23° F 
19 (a ) 64° 8 F 
(^) - 5 °C 


28 25 

32. 6 6 

37 0-094 

39 720 caloncs. 

40 (ir ) 24 62 per cent. 

) 25 25 „ 

(r ) 24 89 „ 

(^7)2524 „ 

Avenge = 25 00 per cent. 


INDEX 


Acuj, acehc, 158 
„ hydrochlonc, 153 
, mtnc, 157 
,, sulphunc, 153 
Aads, action on litmus, 163 
„ preparation of common, 153 

„ nentralised bj alkalies, 

Ait, dissolved in aater, 130 
„ existence of, 64 
„ pressure of, 64 
„ weight of, 66 
Alchemy, 2, 5 

Alkabes, preparation of common, 159 
Alkalme taste, 146, 159 
Alum, crystals of, IJ4 
Ammonia, preparation of, 160 
Apparatus, fitung up, 74 
Aquafortis, 158 
Aqueous vapour pressure, 97 
Atidiimedes, Prmaple of, 61 
Area, measurement of rectangular, ta 
Atmosphere, the, 64 

„ pressure of one, 72 


Bacon, Roger, 2 
Balanc^ a simple, 24 
„ the students, 26 
Barometer, to set up a, 67 


,, curve, 173 
Bending glass, 78 
^ of. 3 

Blue \ itnol, 140, 151 
BoUer crust, 126 
Boilmg pomt, of water, 90, 99 
» definipon of, loi 

II of liquids, 76 

I, on a thermometer, 4- 

Bormg of corks, 70 
^yle, Robe^ 60 
Bunsen, Robert, 74 
Bunsen burner, 73 
Burettes, 33 

II readmgof, 34 


Calorie, the, 106 

Calorimetry, 106 

Caustic Potash, 160 

Caustic Soda, 159 

Centimetre, 8 

Chalk, 125, 144 

Change of State^ 84, 89, 94 

Chloroform, boiling point of, 90 

Coal gas, 74 

Condensation, 89 

Conversion of thermometnc scales, 46 
Copper conv erted into silver, 4 
^rk, to bore a, 77 
Corresponding angles, 136 
CryophoruSj 103 
Crystallisation, 133 

,, water of 140 

Crystals, 156 
Cubic centimetre, 15 
Cutting glass, 78 

Dalton, John, 97 
Decimetre 8 

j, cubic, 16 
Density, relative, 50 
„ defiiution of, 50 

„ bottle, SI, 58 

Dew point, the, 99 
Distillation, pij 123 
Drawing out glass tubmg, 79 

Egypt, ongm of chemistry in, r 
Ether, evaporation of, loi, roe 
,, solvent action of, 131 
Evaporation, of water, 94 

,, of other liquids, lor 
Expansion, of won, 40 

„ of a liquid, 41 

,j of air, 41 

Experiments, necessity of, 5 

Filtration, 120 
Fitting up apparatus, 74 
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INDEX 


Fixed points, on-a thermometer, 42 
Flask, \olume of, 31 
Floating wilds, 60 

Fragmentary solids, relatnc density of, 57 
Franklins experiment 99 
Freezing point, on a thermometer, 43 
Freezing mixtures, 87 

Galena, lead from 3 
Geber, 147, 157 
Glass, properties of, 75 
„ to cut, 78 
,, to bend, 78 
,, to close an end of, 80 
,, to drau out, 79 
,, to round edge of, 79 
Glauber, 155, 157 
Gram, the, 18 
Graphic representation, 170 
Green Vitriol, 150 
GiTKum, 125, iq8 


Melting points of solids, 86 
Meniscus, 31, 34 
Merciir> , effect of heat on, 89 
Metals, effects of heating, 84 
„ noble and base, 1 
„ transmutation of, a 
Metre, the, 7 
Metric system, 7 
MiHimetre, 8 
Mineral waters, 122 
Muriatic Acid, see Hj*drochlonc Aad 

Natural waters, solids in, 122 
„ „ air in, 130 

Neutralisation, 166 
Nitre, cr^^stallisation of, 133 
,, occurrence of, 147 
„ Its separation from sand, 138 
„ Its separation from salt, 140 
Nitnc acid, preparation of, 157 
Non xolatile liquids, 93 


Hardness of waters, 124 
Heat 39 
,, specific, xo 3 
,, unit of, 106 

H>*drochlonc Aad, preparation of, 155 

Ice, effect of heat on, 85 
„ latent heat of liquefaction of, 112 
Interpolation, 46. 179 
Iodine, effector heat on, 89 
Iron pyrites, 150 

Kelf, 146 
Kilogram, ig 
Kilometre, 8 

Lavoisier, 7 

Latent heat, of liquefaction, 87, 112 
,, ,, of solution 129 

,, „ of vaporisation, 102, 114 

Length, measurement of, 9 
,, standard of, 7 
Liebig s condenser, 92 
Lime, quick, 145 
Limestone, 145 
Lime water, 161 
Liquefaction, 84 

,, latent heat of, 87, 112 
Litmus. 163 
Litre, the, 16 

Mass, measurement of, 24 
Measurement, ncccssit> of, 5 
„ of area, 12 

„ of length, 9 

,, of mass or weight, 24 

,, of pressure of air, 64 

,, of relame density, 40 

,, of temperature, ^9 

if of \olume of a liquid, 30 

Measunng flasks, 31 
„ ars, 32, 56 


Octahedra, 135 
Oil of ntnol, 153 
Ohve oil, effect of heat on, 93 


Paper for curve plotting, j88 
Paraffin wax, 84, 85 
Finer, 70 

Philosopher s stone, 2 
Physical change, 90 
Pipettes, V, 37, 65 
Plaster of Parrs **9 
Potash, 146 

„ caustic, 160 
Pressure of the Air, 64 

,, ,, to measure the, 67 

„ ,, variations m the, 70 

Pressure of water N’apour, 97, 17S 
Pnce lists, 185 
Principle of Archimedes, 61 
Pure water, 123 


Quick lime, 145 


Rain water, 122, 123 
Raw nmtenals, 143. 

Relati\*e densities, of liquids, 49 

„ „ of solids, S4 

RclaUve densitj bottle, 51, 58 
Rider, the, 27 
Riser waters, 122 
Rouge^ 151 

Rounding edges of glass tubing, 70 
Rubber tubing, 81 
Rule, use of hoxv%ood, q 
Rules of laboratory, 82 


Sal ammoniac, 151 

„ s olatile spint of, 160 
Salt, common, 144 

„ ,, formation of, 167 

„ „ Its separation from nitre, 

139 
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Salt, common, solubility of, 127 
Saltpetre, see Nitre 
Salts, formation of, 166 
„ names of, 16S 
Stmd bath, use of, ,6 
Saturated aqueous i-apour, 96, 98 
Scales of temperature, 

„ consersion of, ^6, 191 
Sea water, iiz, 131 
SeparaUons, b> crystallisation, 138 
Soap solution, 124 
Soda, caustic, 159 
Soda, ciystals, 146 
Soft watecj 124 
Solidification, 84 
Solids, in natural a-aters, 122 
„ solubiliues of 126, 179 
Solubilities of sobds in ivater, 126, 179 
Solubility curves, 180 
Solution, 119 

„ latent heat of, tao 
Solutions ofljiown strength, 128 
Soltent action of water, itp 

„ „ of other liqmds, 131 

Speafic gravity, 30 
Specific heat, 108 
Spirit, of sal ammoniac, 160 
„ of salt, 135 
„ of mtre, 157 
Spontaneous generation, 5 
Spring waters, 122 
Squared paper, 12, 172 
Standards of measurement, 6 
Sublimation, 152 
Sulphur, efiect of heat on, 84 
,, flowers of, 148 
„ plastic, 150 
„ roll, 149 
Sulphuric acid, 153 
Sunrise and Sunset, time, of, 183 
Syringe, action of, 65 

Temperature, 39 

„ scales o . 44 
Thermometers, mercurial, 42 
,, to read, 44 

,, scales of, 43 

1 wet and dry bulb, 103 


Tin, effect of heat on, 84 
Torricellian imcuum, 63 
Transmutation of metals, 2 
Tyndall, Professor, 09 


U IT, a, 6 

Vacuum, 68 
Vaporisation, 89 

,, latent heat of, 114 
Variations in pressure of the air, 70 
Ventilation, need of, 105 
Vinegar, 5,158 
Vitriol, blue, 140, 151 
„ green, 150 
„ oil of, 153 
Volume, standards of, 15 

„ of rectanmilar solids, 17 
,, of a pebble, 30 

„ of a flask, 31 

„ of 1 gram of water, 182 


Wash bottle, to make a, 77 
Washmg soda, 146 
Water air tbssolved in, 130 
„ as a solvent, 119 
,, barometer, 72 
,, bath, 121 
„ boiling of, 89, 99 
„ distniauon of, 91, i2j 
„ eqmvalent of a erdonmeter, no 
„ evaporation of, 95 
, freezing point of, 85 
,, hard and soft, 124 
„ latent heat of vaponsation of, 114 
„ natural, 122 
,, of oystallisation, 740 
„ solids dissolved in 122 
„ vaTOur pressure of, 97 
Weather glass, 71 
Weighmg, method of, 28 
Weight, standard of, rS 
Weight^ the, 27 

Wet and dry bulb thermometer, T03 
Wire gauze, use of, 76 
Wollaston, 103 
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